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FLU D EJECTI ON DEVI CE Reference To Rel at ed
Applications This application is related to Patent
wa\ppbiteats on Serial No. [ Not Yet Assi gned], AtPOT/NE3005/011723
Docket No. 200209168-1 |, entltl ed "Fluid E ection
Device," Patent ApplicationTSerial No. [Not Yet
Assi gned], Attorney Docket No. 200208780-1 , entitled
"Fluid E ection Device Wth Address Generat or," Patent
Application Serial No. [Not Yet Assigned], No. 20031
1485-1 , entitled "Device Wth Gates Configured In
Loop Structures,"” Patent Application Serial No. [ Not
Yet Assigned], No. 200210152-1, entitled "Fluid
Ej ection Device," and Patent Application Serial No.
[ Not Yet Assigned], Attorney Docket No. 200209237-1 ,
entitled "Fluid Ejection Device Wth Identification
Cells," each of which are assigned to the Assignee of
this application and are filed on even date herew th,

and each of which FEH‘[?:'EJ‘EC'I‘I@N pE\atced by reference

as if fully set fort erein. Background An inkj et
printing system as one enbodi ment of a fluid ejection

system nay |ncluge a Bﬁlnkhg?d!ganllqk gupply t hat
provides liquid

el eﬁ*r{] Bﬁhc%‘ﬂ?nhﬁ@'rélafed tlaabat@ﬁﬂApph@atrolnesmal rNdeth Yéhe
print as one enbodi nent of flu ejectio

Assq;nend@,, AttproeyDoaket mooggozasamn gn%ﬂqpf ;ﬁlwgﬁjg@tlon Device,”
|
Peient AR o0 Nea NG Y pEApe Bpeih o DaYRNG,
ZO‘OQBS?SQM ‘énhﬂéd PFFlufet E}&dou IleviamV\hkhz/XdicHssal&ertqmﬁoc 5|Ha;ent

Aqaian e Koy 1o Vo Avnatioion 005 U (st Devis
VAR IR B M e e o
Yé’ted\s'ﬁigrvéd]t Noe2002 11521 Ientﬂledy‘ﬁlwdtlEjedtmnrﬁeVIcel,k jaed Patent

Al SR R
erﬁ L‘}‘gﬁl\%ﬁt étf(‘) E:é Yt RI2nEiSais Selld heatsf ivdich are

e ectric heaters, such as thin film
assegnesi mmer/ksf.aﬁgneeﬁoﬂblsrmmicatlg@ andrarg dilecban svep glate herewith,

oL b BB B g RS 173 B e,

the electronic controller that controls the printhead
activates an electrical current froma power supply
external to the Background

An inkjet printing system, as one embodiment of a fluid ejection system,
may include a printhead, an ink supply that provides liquid ink to the printhead,
and an electronic controller that controls the printhead. The printhead, as one
embodiment of a fluid ejection device, ejects ink drops through a plurality of
orifices or nozzles. The ink is projected toward a print medium, such as a sheet
of paper, to print an image onto the print medium. The nozzles are typically
arranged in one or more arrays, such that properly sequenced ejection of ink
from the nozzles causes characters or other images to be printed on the print

medium as the printhead and the print medium are moved relative to each

other.
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printhead. The electrical current is passed through a
selected firing resistor to heat the ink in a
waeeoosasjaehdi ng sel ected vapori zati on chanber apdr/epmo$/011723
the ink through a corresponding nozzle. Known drop
generators include a firing Pesi stor, a cor respondi ng
vapori zation chanber, and a correspondi ng nozzle. As
i nkj et printheads have evol ved, the nunber of drop
genelrad dysicalitharmpal inkjbéadnﬁlaagssygtenem;irimmeadmjwe ink drops

BB 2B 2E5S B PR v e BERTaG s ezt

ché\nBerorTI@é ﬁﬂ@@'ﬁ&téwwm%‘iﬁall Slebhit HUHTERY séh 'a@ﬁh"h film
pads required on a printhead die to energlze

resiefoesareterred kb berain asifiringgesistarst bleatingrihe ik @qmgs.esdhe ink to

int he r..is coupled to a
V%é)?rllz&%@%BF%&%}EQGM&QH tﬁ% %%gk?ﬁde power to energ| ze
t he fordjed dresddbadf.inkthe isstttoriadomteslich ittiatrgbntied tHeor
hecomes i npractical as the nunber of fi rlé@ resistors

pT"h@ﬁéds?@;*,watﬂﬁeaﬂwﬁﬁﬁglcabﬁurcﬂ?@tﬁr@@r?elP%W@'f suprly exigsnal tedhe

phﬁth%?ﬁ (51 CABEIEal BHTERSE aé?ad’ﬂ%ngﬁ até’e?é?ctgfi firing resistor to
prin avun primitives. singfe power [ea

heatothednlks wpawerretspoad:llhgfselleotgd vepoidaiion chancver and eject the ink

rimtive. EaC flrl sisto IS COU ed. | sSer
Ough BrrissRending ARy KR diph deoaralersiaehidera g
ré tgg%‘ﬁ@&%é’ﬁbﬁdnﬁj Qa;%rfz%@lbntdh%ﬂ%e?t Qﬁd aFdehes 5H8lr%"ﬂc§zzle.

FET'in aprimtive is coupled toaspara
ener @szalue‘epmtbeeds hewaevolved, the rynmbeﬂofo@'romemqmaf@rs in a
ﬁrlmtlves Manuf acturers cotlnueredu

ofbtERh SR aa 36 TP RS mithg ioP iy, & Rerease

ind@eafhBESofdrop gyrie?étbe@seﬂpmthéa@ hh@tréﬁtﬂféd/\i'ntél co®¥&sonding
I nput pads typically costs less than a printhead wth

ingspase inghe nydeker Alikeut RRdSITEALKEAEN PrNtSRE dif ipenergize the
m%?é‘%e%‘ bty Qf ﬁr?rlod Pr’?as%ﬁc{)r%t S1n"8nteht¥5é o ‘f)hnﬂ*é%l E&cﬁ"ﬁ%&r

I'ng” spee arn costs"and

re@eﬁbr xsuta’uplai toa lcngespamdlng én@ittpadpoi prbhldeq:dﬂva teienergize
not si iéi cantlty CCE e.wth, n |ncreased number

ther iR P SiRt e r Qe ULRACPRI T HER IR DeRamass Inaaractical as the

nb%%?%?ﬁgﬁ%feeéiﬁ%@m&?éaégs | nput padS decr ease,

print hea ayouts can becone increasingly conplex.
For T hewnab&f thdnep geeamnss perhepm pa s sigrificdntly inbeeased in
Bri ef i on of the i

| nvent cr| p Wi n
o BiF ieg o ATEpPad BVDRETREUGS B nGJP PAWST (Raq Bfovides power
tPAN ﬂﬁh@ Ges‘ié‘té?é?m orfd Eﬂﬁﬂl\% 'Eaéh fimpPreaitb isUupidd Moseties
portion of one enbodi ment of
with the power lead and the drain-source path of a corresponding field effect
transistor (FET). The gate of each FET in a primitive is coupled to a separately
energizable address lead that is shared by multiple primitives.

Manufacturers continue reducing the number of input pads and
increasing the number of drop generators on a printhead die. A printhead with
fewer input pads typically costs less than a printhead with more input pads.
Also, a printhead with more drop generators typically prints with higher quality
and/or printing speed. To maintain costs and provide a particular printing swath
height, printhead die size may not significantly change with an increased

number of drop generators. As drop generator densities increase and the
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printhead die. Figure 3 is a diagramillustrating a
| ayout of drop generators |ocated along an ink feed

W@ L@bs/10135Hne enbodi ment of a printhead die. FiBUr/ES205/611723

a diagramillustrating one ergoodi ment of a firing cell

enpl oyed in one enbodi nent of” a printhead die. Figure
5is a schematic diagramillustrating one enbodi nent

of an ink jet printhead firing cell array. Figure 6 is
nambeh efrirtiut padagieaneadd, psintheadrdje dmeuisrbanlbeeamedhcasingly
gre harged firing cell. Figure 7 is a schematic
CAng millustrating one enbodi nent of an ink jet

pri nFaeakdd dndethes rbasiisatherEiigHaed fobtie pieeRbinvention.
diagramillustrating the operation of one enbodi nent
of a firing cell array. Figure 9 is a diagram

illustrating one I . Of generator in
a printhead die. %ﬁ%ﬂ?%ﬁ@’hoﬁgf%@g%&mgi | lustrating
one Flyure 1ridgstedtes oneldmbadimenitiof binfigigjet pentingsgsteen.
10B i.s a diagramil |l urc,trat_i ng a direction circult.

Fi guFigue 4 is adiagramdlusiraging & ROTHaR of ape enkesiment eha

pﬁﬁth@%d%?%r ess generator in the forward direction.
igure is atimng diagramillustrating operation

of aRiguidiBess diagmamilustiating ladayewtssfsiropigeaetators located

' . ' bl ock diagram il trati ,
alopfitt b Teed et Sas T Ra ek L SrEmaraRe 1 v e

gr OUpfyUre ﬁs@dia?fmﬁqmﬁmﬁﬁg @neemtodifeht bf Affitig cell

diagramillustrating forward and reverse operation of

eaiyeskinginecembodinent of awrintheeddiali e. Figure 15 is a
adar B G B A vt e Bl s AHRG o EryBog ey op gpdnic et
plimthaalrfirifighesicaredye. Figure 15 is a di agram
illustrating one enbodi nent of a bank sel ect address
geneF b 6 if aasghamaticediagwne illusirgting ong qrabedimesd phampre-
cﬁér]g\éatffr%bi&ﬁl. one enbodi nent of a direction circuit.
Figure 7 is a schematic diagram illustrating one embodiment of an ink jetl
printhead firing cell array.
Figure 8 is a timing diagram illustrating the operation of one embodiment
of a firing cell array.
Figure 9 is a diagram illustrating one embodiment of an address
generator in a printhead die.
Figure 10A is a diagram illustrating one shift register cell in a shift
register.
Figure 10B is a diagram illustrating a direction circuit.
Figure 11 is a timing diagram illustrating operation of an address
generator in the forward direction.
Figure 12 is a timing diagram illustrating operation of an address
generator in the reverse direction.
Figure 13 is a block diagram illustrating one embodiment of two address

generators and six fire groups in a printhead die.
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Figure 17 is a timng diagramillustrating operation
of one enbodi nent of a bank sel ect address generator
w0 pooshessfdrward direction. Figure 18 is a ti m PQI/US2005/011723
diagramillustrating operatign of one enbodi nent of a
bank sel ect address generatoi’ in the reverse
direction. Figure 19 is a diagramillustrating one
enbodi rent of two bank sel ect address generators and
si x Figuee ¢4 dsipdinmingaliagram testlatiigsforwariard Peverse aperation of
(ﬁi m ng di agram.| | ustihrat i(@é;rbforward operation and
address 9ensplPes: iNghPURthgAd odi ment of two bank sel ect
addr ERird459¢ Atk dia?aarﬁn|ms&ﬁaﬁag_dﬁbeemasaimérﬁ@f an address
Description In the follow ng detailed description,
gersfratarnadatch ciradié and sixfireagroonpdmgimtptieadwiegs, which

form.a part .her I 0. \Whi [ f

1 (EBHEE 1 i 8 et DSl RfE s R{iER, By BB Yoot
addressigepBrateyinte pantedadedld. | n this regard,

di rectional termnolo Iy such as "top," " bo}tom " L.

" r ohigure 16dg @,d'lagrla@aail—'ﬁﬁg’ﬂng ppajembrglimest ef a dirgcfien gircuit.

W th ' j Fi ;

et nIOHE 1768 b fadtant Mlishutil SetdiEn/dretiibodiment of
a baek petst atdrevseyanevator am tHeefopward diceatibni n a nunber of

di fferent ﬂgr'i egt atio rectional. term nol o

. the dj . j
usedFIOBFe AripadbangrdRgram fiksiratig Qpeation df oRg smyodiment of

a 'b;"argk%!ef&t abitirdss d&hdr8tdt sl SERResd dirdetRinher
enbo I

iments may be utilized and structural or |ogical

c Panﬁigsnrenaga iba diagramiliustiatingl epaembagimestof ko baoipaelect
th t i ion, Th 1 oW _nd.. iled
adiires asheEacr At Sire Youdtin 4 Bhhgdier 7' o

lim Flfg_nuge 20N$ & timing difigrase Nnstrafind foswarespstation it icverse
is defined by the appended cl ai ns. Fi gure 1 illustrates

operationtsd @ngtbedimant iof kye bapk sglechgddigss ganstators it
bt system 20 constitutes one enbodi nent of a
p@ﬁh?éagﬁ%ction systemthat includes a fluid ejection
devi ce, such as inkjet printhead assenbly 22, and a
fluid supply assenbly, such as ink supply assenbly 24.
The inkjet printing sﬁeﬁ@fﬁdz eéq’ré‘g'oinncl udes a nounting
assenbly 26, a nedia transport assenbly 28, and an
el ectronic controller 30. At |east one power supply 32
pr ovindthe fobowingtdetaited dasdripiionetefetanceds masdepiortbet s of

ol Sl SRy SR B0 f e BersiEog8h b 58l by
way of illustration specific embodiments in which the invention may be
practiced. In this regard, directional terminology, such as “top,” “bottom,” “front,”
“back,” “leading,” “trailing,” etc., is used with reference to the orientation of the
Figure(s) being described. Because components of embodiments of the
present invention can be positioned in a number of different orientations, the
directional terminology is used for purposes of illustration and is in no way
limiting. It is to be understood that other embodiments may be utilized and
structural or logical changes may be made without departing from the scope of
the present invention. The following detailed description, therefore, is not to be
taken in a limiting sense, and the scope of the present invention is defined by

the appended claims.
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printhead or printhead die 40 that ejects drops of ink

through a plurality of orifices or nozzles 34 toward a
wW@eoostiod¥esli um 36 so as to print onto print medPCrUSHIN5/011723

Printhead 40 is one enbodi msr%t of a fluid ejection

device. Print nedium 36 may be any type of suitable

sheet material, such as paper, card stock,

transparencies, Mylar, fabric, and the |ike.

Typi Eigurg 1 ihusrates oBg emeodiment géedniimkjehgrintingnsyséem 20.

et R R e e 2D, GitsHbOF boBshRidd Bt B AR  wipgtion system

tHat isides afididejeetitre degicapiictba® inkidtagRehdau Q@séiﬁblgtzfzd and a
upon print medium 36 as inkjet printhead assenbl

ﬂuﬁcﬁtmnlmsmblme@ as kngHRRly pesemblye24. oTléeka@ttmtntmg
%gié!’ne%{é EFSO |m:||u8 O ﬁﬁﬁﬁ%n%%,émgg(ei mteala\t eI GF ooéé&é}nbly

romp hea ass under

28 hatd ah imctfomku cdlstrolferHOJISAtJleaéﬂ mbbWeley @2sprovides
including clear fluid my be ejected fr mprlnthﬁgd

pawskihihg \@zloqsrﬁé tuae\ %Praé%eﬂsw?mwr B SYSIEm
of a;].jo{aHé %ﬂﬁhén?? e%ryntﬁéé’msembyzg momderététqéa'st one

asse |ncI €S a reservoir or storin
pnmrﬂheadsorwn:ﬂtheadwdlef403ﬂmat Ejants depsrafdnk tiB8ugb ai mu[eélty of

offightt st R prt s tiin e R Huft ooy gypcim

36NIPriehe LAY iSYHE eMBYdimehesf 4 ﬂuidaéjeemm févige! PRt Mnedium 36
system In a one-way ink delivery system

maydes any i gf syifablg sherei malerigh sucb@s papernggrdtstock,

SRR SR o2 6 R, g i B dpoca

ohder lmitkremdmhde or faﬁaps Isﬁbh@l@at EepenPEyqudhdedl gjedeBlink
during printing. As such, ink not consumed during

fraf Mozl 4 cAHEes ﬁaarqcéerﬁnwmaelﬁl INGSE eﬁhﬂrﬂrmhm Ar Bnages to
b& 'HPﬂ?édTﬁé R_Lﬁ{;l}ng& %'S%tékeﬁﬂjg?? it 2N Sfesefifly ?Qkand print

supply a are house er 1n an
rrmilumlaﬁgarednom relatnes tmégaeh oﬁueirr Vg the fpbowmg ste:nptlon
nbodi d
St e omordnb Py hiSbrgH #SSHE 22t Riddrriond that

otHé‘ﬂhahldBr fIﬁHQ%ﬁ¢Ioﬁ/%%ﬁéTmaYer?£3 6lﬁ(é‘lu@fr@;Vc*,IQQ@fIUIH kmtag be ejected
I nkj et printhead assembly 22 through an interfa

froompidnthead assemblyad2.a suppl y tube (not shown). In

. P SERREBEhon 25k KB el S HERL R SHRb Yo
PRIV martb prinfrizRl adtdnstily PRI dﬁdﬁm@md%?a‘ﬁr'@@ew%@m slt@hng
supply assenmbly 24 are housed toq@éher in an i

inkarAs Peefe ink Baws Jigin rewerveic fEde waﬁheacégésﬁwiow 22. Ink
supply assembly 24 and inkjet printhead assembly 22 can form either a one-way

ink delivery system or a recirculating ink delivery system. [n a one-way ink
delivery system, substantially all of the ink provided to inkjet printhead assembly
22 is consumed during printing. In a recirculating ink delivery system, only a
portion of the ink provided to printhead assembly 22 is consumed during
printing. As such, ink not consumed during printing is returned to ink supply
assembly 24.

In one embodiment, inkjet printhead assembly 22 and ink supply
assembly 24 are housed together in an inkjet cartridge or pen. The inkjet
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| ocated wthin the cartridge and may al so include a
| arger reservoir |located separately fromthe
w@arsnosge. As such, the separate, |arger reseP@DUS2005/011723
serves to refill the local reservoir. Accordingly, the
separate, |arger reservoir afd/ or the local reservoir
may be renoved, replaced, and/or refilled. Munting
assenbly 26 positions inkjet printhead assenbly 22
caglidge vepen isrode @nbattiseot of aflarhdjeyticBdavide minlaaother

eiboaihaRt ek S BsSemRRrEhis SRets o3 kishd thgad assembly
2Pt r%%%siﬁk t&uﬂtﬁtw%@éﬂ é%blz%zntﬂ?&lﬁaﬁﬁtéﬁaé@

area etvveen i nkj et printhead as and print
coenieation3such asensuiy tidhentnet showkj.etn wheftamla@rilment reservoir

2 h d
SRR RRIC Ao ReBERE MG FatBo ek donaREe, ager e i one
effHRIEMhehO wHERE iifiget printRéad bk8eMBRR2ERE AN upbly assembly 24
relative to nmedia transport assenbly 28 to scan gl nt

arebipusedBgetherdn aiekiet padadgm Hesevai( 38 inghidgs rclggal reservoir

SRR rP BRI RPRS LSRR o
sa;saraltéiy Yrod2 thad cartridges CAs lsadh pibsi steparateelaagemesewcwesbraes to
nsport asse nedi a tr gort assenbl

refé' tBSé@‘?ﬁ'éﬁ%erHPirnt’*%BC?'ﬂay, fé‘ersépét’?t@e i YReFEto!r and/or the
Il PP FSr ﬁt%&g(f?féfngged '1:43 faﬁ,”ér?d/@ﬁfgéﬂleh.' er or

printer co er 30 typ y includes a processor,
fi r mMivioumtingrasssetriidy 26 |pssitionsiinkjet printhegd asadinbit 22 relative to

th f, f icati ith and trollj i nkj et .
sl aasRoRasSABEY 25 Anidiedia EnEBeH Ars Rl 28 masHihS print
nidcdiivpEs Felétﬁ/éet’fﬁhhB(Je?ﬁnnlﬁbﬁétarsgéh%lyﬁﬂﬂt rf‘h'ubeé pﬁﬂt zone 37 is
recei ves data 39 from a host s%stem such

detingd adjacenhity neAzies 34 iman gages bawaanyinkist prleﬂmdaasseynbly 22

oBB SR AUR 2 AR SR il a2

sOatiniagtypeoprimhead assémbmt Asruthanslistingpassembyt26 Bigludes a
represents, for exanp a docunent and/or file to

camas:pe(eot slowpfor rrdsa\t"ag meeirnfmﬂae%ﬁ asgembly 42oelativig t@temedla
VBSR4 B8 oS00 pHAChLE, 381 nTB? bl mi
pah‘kaevadcasserrdaty]fzﬁod; aarorBScarmmg tylpe privithead pssernblyadis such,

ass 22 fo ecti.on of Jjnk,dro ozzl es. 3
TR LR RS BMBLY PBHES LTt InthFRt 6 b B S Blesirheti
pSélﬁeh e@mm&s t6lhRBa trBAkpb@ BB EMBIAEE. €T Rus S¥ERR! tPansport
[or other graphics or inmages on print medium 3

asmpmz&pnsmm@ peot medium 36rrefative 40 M@rpﬁmbead)yswmbly 22.

pri ntléc?romc co Poqrc'er %rﬁ{ercc%%ﬂgr 30 typically includes a processor,
firmware, and other electronics, or any combination thereof, for communicating
with and controlling inkjet printhead assembly 22, mounting assembly 26, and
media transport assembly 28. Electronic controller 30 receives data 39 from a
host system, such as a computer, and usually includes memory for temporarily
storing data 39. Typically, data 39 is sent to inkjet printing system 20 along an
electronic, infrared, optical, or other information transfer path. Data 39

represents, for example, a document and/or file to be printed. As such, data 39
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paranmeters. |In one enbodinent, inkjet printhead
assenbly 22 includes one printhead 40. I n another
weredsdos¥ent , inkjet printhead assenmbly 22 is aPCT/US2005/011723
wi de-array or multi-head prlg t head assenbly. In one
wi de-array enbodi nent, inkjet printhead assembly 22
includes a carrier, which carries printhead dies 40,
provi des el ectrical conmunication between printhead
fatinssa ginkiob fet inkjetqminting systeat 26 an8dnclades pnevardesre print job

fluidic co nlcatlo bet ween printhead dies 40 and
?WW@?%&?W%%W%F Barafm&dlSe 2 is a di agram

i1 ugf bré lePero%hriPl@hf | tRni® BENtRATRY BO &S Htron lrikjet printhead
printhead die 40. The printhead die 40 includes an

assarablya2 ﬁmnaiﬂqtm@ @frink drops fepradiazatgsedd nBassichoelectronic

ol DS Batleben tpl T Pk PHERLITMBCerm,

syrilsoke afd®r ethetgraphics dgsmagas ppl prindimédidm 36.i mhetp@ttem of
printing elements 42. Ink feed slot 46 is one

elertastinketiepsfs determingd Risthesyintdeb commands.ariipreamsnand

tfanflé éj feed sources include but are not limted to
orrespondlng i ndi'vidual ink feed hol es feeding
cor r Fspoa emizpdirapat, iizkjet pnmtbéadiassemblyd2 2rincludeseone printhead

4] G SO R GR B THg: RATRERY SSSRDR 22 4 f ide-artay or
nﬂti HééH ?nﬂ’?edbaés@?nblyklﬁ BRé mﬁ&é‘%‘i‘@ etthb@inE, lhRj%"t Btifthead

rmunl cates wth ink feed sl ot 46 forne
as&&mblyazelnd:mde&ra oarrier cehich warriesoprintiead dies0 fm’owdsea
e%cflr %&ggﬁnggl Lgenlg i Egtgv?’qu;aggporr r{ﬁd 'pigfs(r: %Brar%egqtr%%?c controller 30,
aM@pesvides flgidic bemhtinicfiondereeh peihehaad/dies 0 and ink supply
communi cates with nozzl e opening 34 and ink feed

assRinBWI24%4 of thin-filmstructure 48. A firing

resi Blfle 32 AR IRAELs ﬁgta Oup@f@%fbhé%%t%&n%‘%ﬁ Fa,

56 an ctrlca resis

ptlmheadaiue trc]my Td?pmrrihbadghei he nmhwd!e‘s:am amayaf peinting or ¢lald
curre t hrou el ecte iri r i sto
cloohieg Blesnons £ Parlrd siemanth A0 s THeTeIen ¥ $ylisiate 44, which
hé@%h%l@f e"_i:lzslof‘ﬁé%r‘?né"djﬁ{g@h As é’@d?Pﬁhl@@e‘doﬂo?{@R?fd@a
nozz e openi ng . During printing, In 0 rom
sy fof diquisl ink teilﬁrm’mng/ a@mentaﬂ%dnls featbslot 86 isy bae iembodiment

eed. nel zzl e 0 n operative

ot SEhid Bedauren, e empaditrty oEfuigeRd Shliceiige but are

n@tf Ilrhﬁé‘d Y EbirBs PGt Zrﬂf\h@@amnlaféw h§iEs EPé&Ilﬁ? %@I‘rrespondmg
nozzl e openin r? substanti nor mal

vappﬁz@gnopum@énbﬁrs]‘and. myltiple sho er ink feed trenches that each feed
corresponding groups of fluid ejecting elements. A thin-film structure 48 has an
ink feed channel 54 formed therein which communicates with ink feed slot 46
formed in substrate 44. An orifice layer 50 has a front face 50a and a nozzle
opening 34 formed in front face 50a. Orifice layer 50 also has a nozzle chamber
or vaporization chamber 56 formed therein which communicates with nozzle
opening 34 and ink feed channel 54 of thin-film structure 48. A firing resistor 52
is positioned within vaporization chamber 56 and leads 58 electrically couple
firing resistor 52 to circuitry controlling the application of electrical current

through selected firing resistors. A drop generator 60 as referred to herein
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resistor 52) and toward print medi um 36 upon
energi zing of firing resistor’' 52. Exanple enbodi nents
wotoopnisashead di es 40 include a thermal print heempSz05/011723
pi ezoel ectric printhead, an glectrostatlc print head,
or any other type of fluid ejection device known in
the art that can be integrated into a nulti-|ayer
structure. Substrate 44 is forned, for exanple, of
insiudiesdininggkeaistor 5% maarle, chamkersuratsiperigatigmehamber 56 and
t hi n- fllnbvgéucture 48 is formed to include one or
NQA#I% OpSAL} ion or insulation layers of silicon
di oxpgfing Printif§Nink Foisdomshk feeens|Bt 46 'tdi@apérﬁ@ih@htﬁﬁamber 56
pol ysilicon gl ass, or other suitable nateri al
viatink fead ehanmal SduNozzls operipg 34qsiapesativaly peseniatedavith firing

relsgsg<S|“5% gﬁgh hﬁ%ﬂro%ﬁg&g éﬂnQ%{lﬂﬂf eﬁ%{) in %@{ﬁ@ér@&l 5653reaé‘jgcted

thesugh heedle dpenirexd4nx.g., stbetantially ngoha, tottbetp&inmf fmng
tant al um al um num or %her tal or netal ?I | oy
re@wéoreﬁ%b@n%&war tRrint mediem 3 R 1pay ePeygizing Of figag Yesistor's2.
desc [
oo EXRAY Brihin® o) i ABLASTRLES Iy ARl Shlheac
a piezoeﬂedtm: prmtlrraadr an4fectiastatioeprintbeakd nerany athief type of fluid

e S A R e

stMchRe CQ@H&tr&!%‘WPi@ foied %?@%@Plé,td?@fﬁﬁbﬁ U@ésé Qteramic, or a
T S o)

ricating orifice layer 50 w U8 or
stpblqzn@lymeara@ddbgbﬁlrrbetGU¢tnrajé$ ig forineduo $nclpde epe quenore

p%@l %t %Dlgg'ﬁfﬁgﬂp'lg‘ye?? P?%ﬂc{)ri%%ﬁ(g%asﬁlﬁ‘gp rﬁe@g %'ﬁp&? hitride,

taﬁwaﬁﬁgﬂh}fsﬂmhfglaﬁ e roﬂ@brtwltableamla@érral £emhiresiles s’(r&ctgre 438,
' m photo resist harrier |ay ei() and a net
algpi ﬂcquaﬂﬁ&af(té)r@ CO"@'LWF'& @yer,c‘ﬁb'ﬁb efines fring dﬁ%‘ﬁtor 52 and
I r
eBHs 365 1nRae it the QindUshitl Wl B6Ripkists, 7 xaifle
alu&nnbm gntd dJ@netdIme ténfamzmralﬂnrmmmagremthSOmeFFalg):rme&I aﬁoy In

di | ust t or. 0 | .
o GrFRRenb el HRuth”B4E BSeRiEnt At el
in‘ﬁ?l@nfe%ed Wsuk?ﬁn%té bﬁH tl‘hﬁ-ﬁlﬁﬂ'ayéﬁﬁ sQBPasistgsirate 4£8Ad thin-film
ot sides 46ba and . Drop generators 60, are

stiilcipos48al ong each of the opposi ng i nk feed sl ot sides
46a nd 46

ocal b FRRpARNE oxfioa oy 3B ST 4P0RyBhbeabis apory

re@,% |faF akSAph, erm%(;ndi? refefediotds SUsE nfiketed s MicroChem,

drop enerators ocat ed al ong ink feed slot side

Newiton,| AorE:xemplaw te@hﬂlqueséqu@bslcatm aritige lpyaePAMsSUS or
o&%&g%&@ﬁ%r e ds 8BB$ ?thﬁllﬁ’b §6P§feq1t o %%235%) QNhICh is

herein incorporated by reference. In one embodiment, orifice layer 50 is formed
of two separate layers referred to as a barrier layer (e.g., a dry film photo resist
barrier layer) and a metal orifice layer (e.g., a nickel, copper, iron/nickel alloys,
palladium, gold, or rhodium layer) formed over the barrier layer. Other suitable
materials, however, can be employed to form orifice layer 50.

‘Figure 3 is a diagram illustrating drop generators 60 located along ink
feed slot 46 in one embodiment of printhead die 40. Ink feed slot 46 includes

opposing ink feed slot sides 46a and 46b. Drop generators 60 are disposed
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al ong each of the opposing ink feed slot sides 46a and

46b. In other enbodi nents, any suitable nunber of drop
w@emsredsss s 60 can be di sposed al ong i nk feed BCDUS2MB5/011723

Ink feed sl ot 46 provides ink to each of the n drop

generators 60 di sposed al ong®9 nk feed slot 46. Each of

the n drop generators 60 includes a firing resistor

52, a vaporization chanber 56 and a nozzle 34. Each of

albhg SBich e éPbeiﬁ GhverERRY SloP§ides 4bhHrdi 48 | X o Bf R%rop

to ink feed thr_ough at [east one ink f
gaeiatess 69aretaeated@long inkseed slot 462 with rmohspp generaiom&o

ofsPifTof IR0 ifa 5831 afd b e E s Bip B RO oated

along MIeEealllsltbbslﬂe 48b. dn onergrbedinint M el‘.\’&dlstﬂl)(ﬁﬁr op ge generators
‘ Figure 4 is a d Eramlllustratlng one enbodi nen

6(¢ locairf aleng inlp g sley/4@ and ra eauale ﬁmng@mergtqrﬁﬁﬂéaqated
a|9h§e§9h dFrithé Bﬁe(ﬁhg’l J@?e@%l&?ﬁ@e&éé ra'nﬁ%besl' Sétﬁé5 >

I'stor dr a menory cirrcul
erfbodingents sarst suiteite namber of dfopgenentge Imrcaimlbe Qisposed

' v and nenory circuit 74 are part of the
a'enwﬁﬁfmse.eﬁ' sijﬁ’ita‘zgcontrol s the application of electrical

CUr r@RYe&NERNAB 5rbwo|eg iNIeR) SAd oﬁt%e AF efhtord %2' S

formed in thin-filmstructure strate
disppssisealony diok fﬁﬂﬁiSIOf%l Egch@sﬁm mdrem geeemtonsiaﬂ includes a

witeh 72 d
firf B8 R0 52 (A o Eealibh chambier B s b Red8) 4 Fpty of ghe
vaporiphtish thambkrs 66 hs ﬂ@ld?:@ll;’tlﬁduplaa tel i ReeRiodlHES6 ﬂﬂbngﬁfat
drive swtch 72 dr ai nsource path of drive switch

lezst qne l@kg‘@e@mahnel&ﬂ | he Hipg é%slsf@rSaSZ@ﬁdrmg@nera&msm are
erleGizol n SRl SeAUERLEIIRE HAY AT vaPlfidhtth ghambers 56
anchtinpbegh hozztesrﬁnytocprlnt ahtimage tomarintonédiohs36.he state

0 oulioa 4 b dhdtaim NeSBathe ere fmhodimenial apindagh 70
erhplB§edth bRE %mﬁ\eﬁ%ﬁpﬁmgeaa did'ab. M §&Pﬂ§ .rﬁgﬁaes% firing

an | mage and I nes 2 receive en
reels’mrrﬁﬂ agesisien dnvesswitaimd? yand amemomcurd\m yFn:nngcresistor
one ena

74 st [ f ta. '
52/ RaBEE 2 B asheraton il B shisghir2GAe mematy cirguisZe e
paldi &f thetdirculfy Hlhatkenttéls the apﬁhéﬁtloﬂfcff elé&ﬂ@élfddn'é@!t ﬂ{rouPh firing
non- conducting) of drive swtch . The enabl e si

regigpriade| Lidag eed 76ris foinaed is fé\m—fﬂm ghacts:reaﬁa amnls)msubniraie 44.
addrlﬁ%ﬁ érﬂﬂ%lﬁner{: ! firh Fé%%tﬁ?rﬁ%% ?sg%ws-sﬁlr%r}egls?or%d drive

conprising Ene
SWltCh 72 is a field effect transistor (FET). Firing resistor 52 is electrically

coupled to a fire line 76 and the drain-source path of drive switch 72. The drain-
source path of drive switch 72 is also electrically coupled to a reference line 78
that is coupled to a reference voltage, such as ground. The gate of drive switch
72 is electrically coupled to memory circuit 74 that controls the state of drive
switch 72.

Memory circuit 74 is electrically coupled to a data line 80 and enable
lines 82. Data line 80 receives a data signal that represents part of an image
and enable lines 82 receive enable signals to control operation of memory
circuit 74. Memory circuit 74 stores one bit of data as it is enabled by the
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provi des an energy pulse to firing resistor 52. In one
enbodi nent, the energy pul ses are provi ded by

web@stioani c controller 30 to have tined startiPQI/UBI085011723
and tinmed duration to providﬁia proper anount of
energy to heat and vaporize uid in the vaporization
chanber 56 of a drop generator 60. If drive switch 72

is on (conducting), the energy pulse heats firing
enatsdée signals2The logialevah of Hjeestordd dath bit setsdhe state (e.g., on or

1x_(gene d@'&ﬁ (69? nﬁ)I ;Cod,} QF’éi)e?ftg‘%'vﬁ u?"%'tcsrbg%f Theenaple signals can

intiudiethe 65Mdr@kefedt siafalshend bhé @r hdridiRiréss sigagls.
generator 60. Figure 5 is a schematic diagram

i | | uBre diner(§ reseivestaiceRRIaY Sighah gONMKISEY ¢neray melses and

RS Sl 1 Pl P oo, B ry
plllee® afe provident bytectddic dédiitroller 30dodarettiakdretariing times and

firing cells 70 e arranged into six fire gr
tirped £lLrator tq AraYidRA PERATARHIT anergnip beatand yaRagize fluid

.nkliggg{a@ggsﬁoﬁ eﬁamee 56%8&% JRRERRGr eb fif dRieLIHIS72 is on

suc our or re fire groups 102a-10
(cbhdutiimg)ntheehérgy fulsenheatsdiyingoesistar Sttocmeatiana ¢jgct flmd
' The L .rows

d int _and

fr%H@re@e@q?g%fbor TESufESui 2 SR sogrgandbeiinsine eneray

pul's@ %e%%tm@t fifif§ ?éél@to? Balar@ tﬁeqrmai fem&iAsHin URW) §énerator 60.
|r|ng cells 70, referred herein as a row sub roup

or shigyreags efsahematig dj@gnagn lyistrating pa@ﬁmb@dlmn of an inkjet

oA A, R, Y18 o Ae0E) SR TAghagk
PRI o g s e e ozmatizn, ihone

empdiRenafiing calls ¢ P @i Pyra0eag I 6 firs erauas  1Ras 02n. In
o&%?%nmﬁﬁh?é Eﬁﬁﬁ%‘e}@ 7ﬁe il Coﬁﬁéhéec?nﬁwg? @ﬁg su?tiagfé‘ ngumber of

respective
fireedosipg d 0|2|a—‘dmm soth taise‘our or mr@ﬂmgmub@ﬂé)%@ﬁbﬂmnd
ol .umm of r|n ref dto her,ei n

h
2" GaTREITRE Giedy b oGk soHeraicalitar Bogsiihtd Crows
aﬁ@whsmrﬁr% Oﬁﬁe erowaebfqlﬁhg de'llé‘% ake?e?eétﬂéany doupEd RS enable

WOr S each of the data | i nes 8mis
linsset04 ihatiregeive epiable signalac HEaﬂh rpmeofffirmgn@elbem gefeoreidnto

G258 SRS e A Bl By

ofé eet of sadrvup empbRAines FE8106L.t TRefsubgrilrendisie fifes 106a-
inthe far Teft columm, jincluding firing cells

108l Feqstive Rebgioup &fleblpsignelisS@d28G2pat i that fégbleu tge

oSRETI R OB AR SIS Lo [LTLng eo e o

dat aTherme cofinngd hrd eliestrichitg touplet Ity m data lines 108a-108m that
receive data signals D1, D2 ... Dm, respectively. Each of the m columns
includes firing cells 70 in each of the n fire groups 102a-102n and each column
of firing cells 70, referred to herein as a data line group or data group, is
electrically coupled to one of the data lines 108a-108m. In other words, each of
the data lines 108a-108m is electrically coupled to each of the firing cells 70 in
one column, including firing cells 70 in each of the fire groups 102a-102n. For

example, data line 108a is electrically coupled to each of the firing cells 70 in
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coupled to each of the firing cells 70 in the far
right colum, including firing cells 70 in each of the

WO poos/1g54081ps  102a-1 02n. I n one enbodi nent, arPpeyUsD0s/011723
is arranged into six fire groups 102a- 102n and each of
the six fire groups 102a-102h includes 13 subgroups
and eight data |ine groups. In other enbodinents,
array 100 can be arranged into any suitable nunber of

thécf ref@ cOlRm, 1chaadrthﬁihgaéﬁl’lsl7m 0 eth cfihe dibd grcmpsb’lﬁZa}ﬂ 02n.
ubgroups and data |ine groups. In agy C}%ﬁ 7:259_
Data rheegr06bps elegiricallymoupled tosagh ¢f thediripg 9ellsi79gnthe adjacent

coR R af] SScin. fvef Y AREHRIUAAS dof Py 100 GAN Riclecticall
codprQbeachrufnbe firing cel®FOdn tise tavdight cdlnn,lincledipgdiring cells

s conpared to an re group 102a-102n. In -
7Oaﬂ(ﬁal0hc9fth%ﬂfﬁ19'§1&%’5 Hﬂp’“& ‘have a different number of
firig g%lr{rﬁo&ﬁre@ﬁ SPAPIOET: ARaRGYd Rib 8l frlbap®1028d02n

each Ine group can have a different nunber of
antli éadrrgofdlar.eIeo( fie groups iP2eeD2ronalugestidesubgsiowps and eight data

f | 1s, 70
in§spaban g abet eFets Sred SRt he HREnbR Ty itave
nu{ﬁ&ﬁsoflf&é) drdugd1024-102h @ ddhiRudnyl & Atable aambek orbabgroups
iring cellls 70 is electrlcall¥I coupled to fire lin

antildatatinatgropsi ireany err@oglrrgﬂer £ OiERgl0Zer (Rl 2 Rghlimited

In f
o el DS HITARED pURGARS ARSI Bl eacn o
thé it gFd LIP3 02H-1 62 N aivg raadrrﬁsrér&aumbbrm subgroj,nostemd/or
and I'ncluding fire grou 3here|n

defi ling greaps as pompared R en Y ey SERHPeg&f% 1epe i prgition
ea}]ciroéhé)é?@?% %Sﬁ ‘Fr'a\’/ﬁsa ({jrﬁéﬁe hHer®t frﬁﬂ@rc@}is $Ogiead:orﬁb£ire@l to

eac rlng cells 70 in each
artyh@thér sebgooppand @2eh dbg hne grcmpe@an hawe pydierept eumb@r of
onmn reference ine 1 d %5 S ti d to ground In
gL

flrweqedleﬂ&was §9'B1§P5‘%fb AP eé. 1€ %@H ... SGL
are é’ﬁhﬁﬁee@snm Wpahen Bf feafeyrbupes ozaﬁrarzhcuib dlectrically

enabl e one” subgroup of firing cells 70. The enabl ed
ccfuprlemtp Lol bﬁth‘ﬂ)frretlme@ déeal Hingnk fge[g[ourgj 02a, eagp of the firing

ceﬁlsoygzrs eqe@rmglg/t %Ollécilrgf 2%%%%?*}{%%‘?% th;glf ?%QQ{(QS @r‘fgé]ghél dt energy
si§ rﬁ‘é’ih‘—*lR‘Eﬁ i |hlfrre gf6lip 3026, edutchf the firing mreﬁ@dsmancauy

nal s D1, Dn sets thestate of drive s H'E
cauplohts B et LOMIEEae e Ve leang crenerhy Sora EIRE2 4fd so

of i ElafEitluf BT Sra csonirtie sy
eleeirieallg dodpled do Sivé tindd4 0 2hatrrecsizes fiemsignal gyenergy signal
FIREn. In addition, each of the firing cells 70 in each of the fire groups 102a-
102n is electrically coupled to a common reference line 112 that is tied to
ground.

In operation, subgroup enable signals SG1, SG2, ... SG. are provided on
subgroup enable lines 106a-106L to enable one subgroup of firing cells 70. The
enabled firing cells 70 store data signals D1, D2 ... Dm provided on data lines
108a-108m. The data signals D1, D2 ... Dm are stored in memory circuits 74 of
enabled firing cells 70. Each of the stored data signals D1, D2 ... Dm sets the



10

15

20

25

30

signal FIREI-FIREn is provided on the fire line 110a-1
10n corresponding to the fire group 102a-1 02n that

WO p@bsaokss t he sel ect ed subgroup of firing cel | BCTOS2006r@11723
energy signal FIREl-FIREn includes an energy pul se.
The energy pul se is providedion the selected fire line
110a-1 10n to energize firing resistors 52 in firing
cells 70 that have conducting drive switches 72. The

stateesftrredvitdn T®in 66é of HeSeBablbe ﬁhng%@ll@vectrhéﬂan@&w.tch 72
print medium 36 to print an inmage represented by

is sphimeenduct oppot condyﬁt bpged ,sandb@§§oreﬂ datasignay value

oo Hitetingtdipk Pt Eoletreliurivel Alitdits 73 81 it ah ey
SIWIFQRESL@Mn isl p?El/rdEHREﬂtthﬁremﬁém 10a-110n OGrréq&miﬁ@g fo the
abl ed su continues until pri

f”@tg('.i‘:?}go 192362)8"4%5@? ‘fﬁ%ek@ﬁt%ém@}%pgﬁ&lnng cell€ 70. The
. [ fi

TS R FIRON RIS oA TRIGEDBRe" THE 6 puisg o

proWdag@rttbemlexﬂed &irmilimaboa-%@ottb@mesglhg fioing resistors 52 in

di ff 02 102 Th hl ed_ .
firfgussiiou b heu hEME N & Sitonss 72 Mo HRtav et fring
reSigtcts IspNesat Hdaejd 8GRk dntb Qﬂnterﬂéélﬂl)‘n 86 QB ?rlnil: b?@haﬁg REN

is provided on one of the fire |ines

repipsegieckby datengjgnalsilat.dPd . 5Pmn Ttmeprneaxss/o’éaaaiplm a

supbloRotfinded 74" @iy 8886085 P02 anist I B Endea
su!:“@ioup &2 providin§@n ér@en@y@l‘@aﬂﬂRE?ongREnSto@ner@%e firingDm
rovided on data |ines 108a-108m In this aspect, data

re%lﬁtﬁﬁaﬁ@ ipthe epgbled subgrep aamtinyesHuyil posing stamsar e
Ui M oe\dribSinftt LR ERArglPL gnav ﬂﬁ%ﬁggﬁ&ﬁwyed to a

ne subgroup in a selecte rou
seieml:dadJ ﬂsesgntrup\/taozgm 0ZiesubgRotih ehalaleeswedls SGT,@BRAct. SG.

i B oo Sk B e S o
102hRE - h&Ry é]{ébfédjggbét‘buﬁ'gt&%%a Sigr219paup? Dm prowded

102a-102n can and do overl ap. gure 6 is a sche
onon!@tgrhaﬁs|1|0|8@s‘tﬁi’an iamng amen@rgucsaunaérleREﬂ FdR;ErEIsrmoglddd on ohe

of Ui PR 1 195 PG el Bt e B i e o imgbled
firing!delld Z0. i Acdryderse Bm@, ovEy G smigréaa d?'ﬁﬁﬁg lcefigl7bYs enabled

coupled to a firing resistor 52. In one enbodi ment

bycﬁubgéowmhlewalg S@FFﬁGanl §(§ﬁmg storgrdgita signaleB1, D2 ..
| |
Drﬂ?)%rlg\rnlﬁlea %b;dsé\tgthh%s gg% ‘gﬁ ;Sjeét %t%e%éliélg][ﬂa D2 .

Dm&ﬁwedﬁadmebﬂ@@alﬂ)?sm'ane tlmﬁ‘obdlelsm r*nlumplélx&i dastatgigithi$. 0 Also,
onﬁ/eﬁr)rﬁé gégg%ﬁp]\cllﬁlﬁt s ectedLhCrg g‘?g’upg 162 ”‘%'ozmﬁclﬁégs drive switches
72 that are set to conduct while an energy signal FIRE1-FIREn is provided to
the selected fire group 102a-102n. However, energy signals FIRE1-FIREn
provided to different fire groups 102a-102n can and do overlap.

Figure 6 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell 120. Pre-charged firing cell 120 is one embodiment of firing
cell 70. The pre-charged firing cell 120 includes a drive switch 172 electrically
coupled to a firing resistor 52. In one embodiment, drive switch 172 is a FET

including a drain-source path electrically coupled at one end to one terminal of



10

15

20

25

30

resistor 52 is electrically coupled to a fire line 124
that receives a fire signal or energy signal FIRE

WO p@baai4s8y) ener gy pul ses. The energy pul ses enkChUEM05/011723

firing resistor 52 if drive $ itch 172 is on

(conducting). The gate of drive switch 172 forns a

st orage node capacitance 126 that functions as a

nmenory element to store data pursuant to the
firsregp cesvig ton b2 sowdi atdthe etharferal for & refeeerye lineat22.sTbe réf28ence line

d lect transistor 130. The drainsource path and. .
1885 fed &8 S taraii i, fih 2 Eaating. THR sty By ot iring
resRie} §2|ri§ éle@trib"aﬁy %B_?_E% tbiafrelie 190fnhdt ?é(%}i\&’?s;g dire signal or
. I's

pre-cha@ge S|Eg_na ~The gate of drive switc o

erergytsigralfIREcibalbiding ercrordulies. nThoanergypatsesognergize firing
[ e- rge. tr ' . 1 dr ai n-source path of

rég‘éﬁ%gggéffrqg'r% %{hgéﬁi%ls %ﬁg@c’:}@tuét"n'gg)'sel ect transistor

130 iTheehatetdfidrivel svitohut 2fbring ds®ehds hollé @apaditarideat26 that
receives a select signal. The storage node capacitance
fupgions asOWENMATY @enent toj steke data pursyantia the seqeentiad
. y . . ' _
<N YR ki 2o ERBSEE ARG P Je i
solatce pathasdgate of Bfe-chargertsdnsistdr 828 are elesiridally cbapled to a

TR e
1Pt Igtrically aﬁgﬂﬁfe@ tbhe G?ﬁ’ﬁ@b@%@ﬁaﬂ’ﬂ; oﬁﬂfbﬁ:ﬁarr@é‘d grbégigfor 128

136, first address transistor 138 and second addr _
and s deainsounge pathaifseledt dransistarclif). etihe gatecelsalée transistor

1507 PeRRIHAY cBhBo 1o EIEG e EF gl s AGPipst sional. The
stPPAGS hotlé @Aphsitaricel BB RuHIWeintdaghed Iprsahs &lis part of drive

conbi nation of data transistor 136, first address

switethd7 21 dytemativehy asearasiforsapaate froandiva switam 72 san be
u%&ggfai '%QH(%Y%%%% across node capacitance 126 of
ri C .

Ve SW e gate of data transistor 136 is
el ecArdatalttansistonpl 38] o firstlatidrelss nmnsi&2on 138 ané assecend address

data signal s, ~DATA. The gate o i rst. address .
treRSIRT S0 NSHEe GADr SR 76 B8 hebas eiecirisally cauelpd da paraliel.
Tb%@%réife‘f cBPﬂiinétﬁﬁ\ebf"djaja ARG ARt daE R disfRd 38 and

gate of second address transistor 140 1Is
setmtt addeisk fransisidretQ is alectdcalhdcaupled betweerethpadrairraource

b el s AT ARG el AR 185132 e SRPALERAR iplucing
s@BEt andiBRN 130 aRDIddd thatpRilaly coRtihatiohPol(datadansiior 136,

‘begi nning of the signal nanme. The nodecapacitance 126,
fifst @addreasdeansisins il $8 @nd segond @ddress framsistor d40 iselectiinady

cé%@%}é %\%&fg%%r}@c?% §$;§’a<§f$ﬂ'&8 5|§6t5f%i§)esst\nﬂ{c§l 117:"2(3 ?Hg gglféoof data
transistor 136 is electrically coupled to data line 142 that receives data signals
~DATA. The gate of first address transistor 138 is electrically coupled to an
address line 144 that receives address signals ~ADDRESS1 and the gate of
second address transistor 140 is electrically coupled to a second address line
146 that receives address sighals ~ADDRESS2. The data signals ~DATA and
address signals ~ADDRESS1 and ~ADDRESS2 are active when low as
indicated by the tilda (~) at the beginning of the signal name. The node
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In operation, node capacitance 126 is pre-charged
t hrough pre-charge transistor 128 by providing a high

wo ewsliosaei t age pul se on pre-charge |ine 132. |PCDN82005/011723
enbodi ment, after the high |evel voltage pulse on
pre-charge |line 132, a data’4ignal -DATA is provided
on data line 142 to set the state of data transistor
136 and address signals - ADDRESS1 and - ADDRESS2. are

ca@%&t@ d"[ PR eh8Rse IrhRdistol 428a86ledtifariglstopt 30Ndata transistor
of first address transistor 138 and second
136¢ﬂwex!ﬁmsamnsstﬂrsﬂ$6 angl chagéam@r@@ryo% Lufficient

cor G2 pbefatiol; BofY o95o BheCIsREk sipRhaldih fol Prdenarge

trafls REdr ZEBy yffoﬁ@hg o Ifigh 36| a0ltagé pufserart precharge line 132. In
transi stor

onerembodiinans: At NEBVELYAIEGEHIGRS PaPTREa IR NS 13272
da apgfgggg tQ Tﬁ%‘fbrb 4885 Iopt tgé 8149 fosdet SRS of data transistor

secon ress transistor 140 are
138l dncPhdidreBs sigriats gADDRESSE] arel +ADDRESS2Areptividackdn

T A T el oo
seghﬁg B@gﬂfﬁ% frind@bp 130, 9 %@\'/ol dﬁ@%\llé@ ohk@fficieht ARigIt08e is

data signal - | ow. Pre-charged
prcﬁwdedg)ncsﬁldact]lme 13 wdurrann @@mcéérgealsmrﬂ%a%npdw at

| east on e_add
CapABHRIESS 2‘?9 56 a}:gegrfﬁgﬂ%oigé%g%\gg 17 § IciieéE %@céeglgg% nglrSt%rs1 38
andfGdHpesadires R afsitRorai4griglon: Dﬁt%%nametlﬁgmdeewﬂacﬂahee
first and second address transistors 136 a

| 26orepndios chargadlf dats (RGHEr 138 ShAIAoRR ArReister 138 and
t th d t 126 if
S ﬁ?“ﬁ%ﬁ?qg&ﬁ%?ﬂoﬂ o e oo RS argod
firipg- @ﬁérbed&ﬁng&rﬁlluml is 2@ am;ressﬁcbbmng)t:elbn‘ lpeth address
R i e
e@%ﬁ@ﬁéﬁg’aﬁ% %ﬁg@%@{]aw[)ﬂ?m@ W{#ﬁgr Fé?né’iﬁg rcﬂéﬁgéd ingata signal

ut o I's coup
~BAMHlis Idw arﬁ’segjwargedZﬁlrgw eclf12@ laan@maddre@sgd ggngmell if at

o e AR TSRS s S BE g an
nPLapaditahte AberiissHR §§¢e§2 rbliedg di thé datt’§ignalr<DYEA voltage

Into six-fire groups 02a 02f . Mrechargedflrlng
lecel. | Ehel fiest andmcnmﬂ addregsdignsigiors Y3 and 188 comprise a

oGBS5BS o0 1 AR et disee
cé‘p?\}:étbgggrml@g]; g@ocmarrge@ ¢ifiagwiell 420l iy addressgdd i nto 78

Pre-charged firing cell 120 may utilize any number of other topologies or
arrangements, as long as the operational relationships described above are
maintained. For example, an OR gate may be coupled to address lines 144
and 146, the output of which is coupled to a single transistor.

Figure 7 is a schematic diagram illustrating one embodiment of an inkjet
printhead firing cell array 200. Firing cell array 200 includes a plurality of pre-
charged firing cells 120 arranged into six-fire groups 202a-202f. The pre-
charged firing cells 120 in each fire group 202a-202f are schematically arrangeq

into 13 rows and eight columns. The fire groups 202a-202f and pre-charged
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col ums, al though the nunber of pre-charged firing
cells and their layout may vary as desired. The eight
waeeloammssdf pre-charged firing cells 120 are PCT/US2005/011723
electrically coupled to elght5data i nes 208a-208h
that receive data signals ~D ~D2 ... ~D8,
respectively. Each of the ei ght columms, referred to
herein as a data |ine group or data group, includes
fiping celimd ge dn armay 29 0carel scheptatically avhngéd iife 78 rows amd eight

BT, “BRO o R nuBE" of brovsalaierisMhac S SptiBen Taitiynay
vaBURd @6sited.one of the data |ines 208a-208h. All

precharged firing cells 120 in a data |ine group are
el ectfhr&ightcalwnps & Prerchawesdiringeslls 13tharexelsatrizatihcoupled

1d Bl b h R S0eR0bNn SRLEG L Bt e alesndl bhe 438

nS|s ors re-charged |r|ng ce

redpectioélymitadbedfahé Iengsl‘ltmnns referrdd focladriein as)arIiaed lihe group
ch of the r -charqged firin s 120 in the far
of 8?‘{3 %’IUBn’r'i‘C | RI&F Cﬂ‘@%‘?‘é“’ﬂﬂi%@%@? i ﬁaCQ ef the six fire groups

29{2@@0@? E%hfdfme f %ll@@?ﬂl@?@émcaﬁhﬁl i fie %%ﬁ‘?e&?mng

ctrically coup e to eac e precharge
celid 120 TQ@IectmcaHye cadpladdotoneorbfdhe datallizes 208a-208h. tAdl pre-

d | udi 208h th [ [ |
Besrdindr fPR 4 RIS Sl dn Tedtifghctipied inthersame
déféehrfeaQOSa-Qth thumyedm@éuycadwéu f%rt%@%jz 88l of t tHe' @&a

II's 120 in each of the fire groups a-202f. The

traamtcuss 186dn &g prr=ghaigeddfijingetells 112,@0nath@ colusan.ri cal | y

iy Data e 2088 % Pl CBBBIE Sk T hE i faraeg ing

celise1 20ar thedfaf lefi cguaml, inclifing prérchamyeal firfigecsliRanh @éh of the
firing cells 120, referred to herein as a row subgrou

fits, STQUPE 2088 212 pinate e GEBbrip ey el couptes! to gach of the pre-
I%@%H g 6@3' éexlsol@.‘é)ﬁbgﬁ% :agééaiéﬂt ?BIHH}?aﬁ@ %%@8 ok/éPFoSand i including

dsiabgreo2@Shathat éd elet:tnoaﬂy lcpupledb @r;hch ofttie p&atmaltgml firing cells
dress, |in 06a- 20 . The s s of the fire
1305, f@éﬂgﬁéeévménq Chung e ctatiect g el Tashil Gach of the
f,%@,@, 2984-dpfin fire group one (FG1) 202a subgr oups
through S&-13 in fire group two (F&) 202b and

so omheupws of grerchargeddining erllsgtLare @eﬁtrmatlmcolu@bd to

g‘%%?r%glngra?adﬁgo%g Eé%ﬂ‘;%é%%igzﬁ‘fﬂ caﬁ\h eI udd any
respiectilp. BathqireShasgswfitngeell 320 a row of pre-charged firing cells
120, referred to herein as a row subgroup or subgroup of pre-charged firing cells
120, is electrically coupled to two of the address lines 206a-206g. All pre-
charged firing cells 120 in a row subgroup are electrically coupled to the same
two address lines 206a-206g.

The subgroups of the fire groups 202a-202f are identified as subgroups
SG1-1 through SG1-13 in fire group one (FG1) 202a, subgroups SG2-1 through
SG2-13in fire group two (FG2) 202b and so on, up to and including subgroups
SG6-1 through SG6-13 in fire group six (FGB) 202f. In other embodiments,
each fire group 202a-202f can include any suitable number of subgroups, such

as 14 or more subgroups.
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as 14 or nore subgroups. Each subgroup of pre-charged

firing cells 120 is electrically coupled to two
wa@odasassss i nes 206a- 206g. The two address | i neBCT/US2005/011723

206a- 206g corresponding to a subgroup are electrically

coupled to the first and sec@nd address transistors

138 and 140 in all pre-charged firing cells 120 of the

subgroup. One address |ine 206a-206g is electrically

coupEgsh él&ﬂogrbapgﬁme@hacgm ﬁﬁng bellsf 12615 aectnsab,oompled to

addr ess transi stor 1 an addr ess

tw arira5s iDaD 800R S 0BCs e Bl #907ean Inen 20Ba g s sgnding
t

totalpgu%rgﬁé aré égtrléegl?m i ‘?@83?@2%“11 %&tﬁg%%%r_es% érgnsstors

13%ard 140aul an epa;e—c@ag;@l fringndells 12Qof the-sAlbgnoldp.afOme address

EHBLE SRS LR oy 5,153 S8 5oe e R ena secona

adetBes GHRSisRrs ArS-Ata 4@ end ithé Bthet @lddfese?therp@6a- 2069 is
addressed by providing address signals ~Al , ~A2

clegirically aoldpled 4o thegatexafahe aifeey onenoldhe fssibaid seeand address

addr.ess 6
oG 148 B AP R BB UL bbb Al sl ity siona
~AH e~AD.  EAR-pldadreecduplebtolnprbWele2he @ddreswesigrals ~A1, ~A2 ...
r'e- char%m; i gnal s PREL PRE2 . .
~Ahto theesuharpyes of fimpsapply as fpligws:
tocorrespondi ng fire groups 202a- 202f .
210a is electrically coupled to all

PRE6 and provi de
PREG

Pre-charge |ine
of the pre-charged

RéwrSutsyroep lAgidtass Bigrnialsl 202a.
. _electricall

I\/ r\nunl ed to-all

RaveSubgrqmosl i ne 210b is

~Ab0A% F@ 202b and so on, u

SRRt Te

~R?e Agldl ge f1nme 2o that 1S
a pre-charged firing cells

i hs%ﬁzo?f‘?@@?h‘ of

~Ahe~pte-charge lines 2 10a- 2’13@1-13586293“@@643/

tae and drai
e ahag—ar&a

" olurce nat al

. coupled to the ga S0
~$he*"b5echarge transistors 128 Sqlf‘ﬁhg@oﬂre%ﬁ?ﬁ ng

~é%l epgroup 202a-202f

and at 1
0'ih afire group 202a 2021

gﬁ?gg?wg f I$q‘;6$ cells

ar e ectrically coupled

~A0, oATy one pre-charge |ine 2BWt-816G2- 6hu§66#ﬁs node

capacitances 126 of all

pr acharaed firinag cae o

~A2§ A3 group 202a-202f are ch%@'g §P2p73vf%¢ﬁ§ FEE

A%I IR&[JUIIUI Ny pre-charge sig

t'he correspondi ng pre-chaig

g PREG
Sel ect

o e it o10p 8

~AP nea5212a- 212f

QFI 6_and pr ovide the select

recei ve sel ectSG1-@nSIGQ QELJSGESsELZ -

i_anal s SE!

~@EL6A60 correspondl ng fire grﬁ%§1§0§§22@)9f h‘%%@'é@t

A?IICA t2aisetectritatty COLI@@A‘]_»]H?SQ;Z 1¥T € §@§r1qeo

Ying cells
~A3, ~A4 SG1-12, SG2-12 ... SG6-12
~A3, ~A5 SG1-13, SG2-13 ... SG6-13

Subgroups of pre-charged firing cells 120 are addressed by providing
~A7 on address lines 206a-206g.

embodiment, the address lines 206a-206g are electrically coupled to one or

address signals ~A1, ~A2 ... In one
more address generators provided on printhead die 40.

Pre-charge lines 210a-210f receive pre-charge signals PRE1, PRE2 ...
PRE6 and provide the pre-charge signals PRE1, PRE2 ... PRES6 to
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120 in FGL 202a. Select line 212b is electrically

coupled to all pre-charged firing cells 120 in F&
wQ@oeabk/1e53ds so on, up to and including sel ect |ipPer/2SHas011723

that is el ectrlcally coupled to all pre-charged firing

cells 120 in FG6 202f. Each & the select lines

212a-212f is electrically coupled to the gate of all

of the select transistors 130 in the corresponding

coréshaimipiiRIg@uRe 2002aaz0bralHre ihargd ira 2404 | ué él&trﬁ.%'llﬂ/s
120 in a fire group 202a-202f are electrical I% coup
r

cquple kg alh gk theoprecehangrd firing£elis 420 imiRGl R0Zas Pre- charge line
1
2 o AgeiicbREEhiel 1o Ut ERARu NN AR E2a¢Eh and
sqQ of lE{ESb ?nd n’erlEtﬁﬁgtpne{orblarmmdﬂm?thﬁt rs;a?lgcmuaml/ cc()ju;zled to all
rpca cou e 0
piariasaed Sinp sels 120 n S b3t Thach of heproctaieines 210a-
210fri§ e%kﬂﬂ?caw &Jugféd toCik! Pl daré Bl eint bl pair?oﬁé?n?g%% pre-

firing cel 02b and so on, U
chaige mmnsgst@nSr‘e'Za Inrtlaez:mfespbadmgs‘lre Igemnp 20%42}02&@:@ ablpre-

oifsafil riRh ETf AZBI ik Buf Spes aetard eﬁw@wgv%dﬂe only

o predbhange Ifnier 2 T0h-Re6i. STKUS 1R nbéle baﬁaé‘%ﬁc%%mm re-
fire %rou 202a-202f, and al | pre-charged firing ceIIs

cherged firing fqeﬂ? 1@%@@ firg mioum 202ar 2@2§ Ree charged by provjslirgithe
T
AN Lt b A HRE £ e T PR g i responding

premﬂdrgelllnelﬁmaﬁmf appropriate interface pads. (See,
Fi 25 h d. fi cells 120 in array
200 SFIECkVias £12P N7 EsanReieied SONAS SEkicSHLzhe. SEBS and
PHYIE the st sidtes SELS PFE2 " RFPO% o3Etphifl froups
2023@@@% pSeiéciplma 212a peeletiricalhgcaglled td 20 pae—eharged firing cells

158 Go gl SERLIe.2 248 s8R aRr0 80 i Al prereharged
firdgleel R 1240 WWG?'Z‘OQb'éd%Eso"—éﬂ O%ﬂdlénd IftIQRR gble‘&‘lmé B12f that

one enbodi nent fire groups 202a-202f are | ected
is plgadrically apsdie foall preegh@rggd firigg celle 326dn E@@Q@ZFCEach of

o s o PASFE 118550 e 38 B e

trametstorsi 130 MGhe2fiRfespdadkigeire gPbiye 028 RORA AT aﬁibﬂa -charged
sel ectjons_may be utilized. The address

f'r@iggwi'ﬁs %%%Iaail‘"ﬁ/@row 202A72Q%f@1r@ elentderjly qomlexBtor enly one
R R ress sionals AL a2 . AT

pr o\Rigelihem? talPd4Erdceivesiird gnal® 6g eneryyssitindle FIRE 1T PIRE2
Sﬁ&%ré)grﬁ)d provide the energy signals FIRE1, FIRE2 ... FIRES to
corresponding fire groups 202a-202f. Fire line.214a is electrically coupled to all
pre-charged firing cells 120 in FG1 202a. Fire line 214b is electrically coupled
to all pre-charged firing celis 120 in FG2 202b and so on, up to and including
fire line 214f that is electrically coupled to all pre-charged firing cells 120 in FG6
202f. Each of the fire lines 214a-214f is electrically coupled to all of the firing
resistors 52 in the corresponding fire group 202a-202f, and all pre-charged firing
cells 120 in a fire group 202a-202f are electrically coupled to only one fire fine

214a-214f. The fire lines 214a-214f are electrically coupled to external supply
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address during each cycle through the fire groups

202a-202f. The address signals ~Al ~A2 ... ~A7 select
wee@snaassubgroup in each of the fire groups 2PCErUDAF/011723

for one cycle through the fire groups 202a-202f . For

the next cycle through firel§roups 202a-202f, the

address signals ~A1 , ~A2 ... ~A7 are changed to

sel ect anot her row subgroup in each of the fire groups

cirgQi%?'t?;p%épro-'p_ﬁbt% esTadRUSSdsIN(Se, Figuradd) el regihairged firing
~Al", "~ ... ~A7 selecting the | ast row subhgr In . ..
cefls @80gn ey 206arexeieetrically epuplad to agefarsnre u%@ Ezgﬁhat is tied

address_si ~ ~ A7 c fedr gt ;
o SR8 VB, Tt e, TEBLPRRLBE AR g a0
a RN sEroap e pre-chanyest fifingooellsot20 afe eleetricatly cgupleddo the

202a-202f is ogperated by providjng re-cha S I
sepmEaddrenpiipes J0bpredpt Bre oafe i JRA 1Rk Selskblin 21ga-212f

fe g group 202a-202f. The pre-charge signal
arfis fiegpfis 2140 5 5

PRE6 defines a pre-charge tine
i nt dn\opleratiorpém bad ambadimenhfithgnoupe 202e-2%%fare selected to

_capacitance 1 each drive, sw t j he .
6 14 SUGRPTPL 00 AP T BRTS O P GRDuhEf € SBlected
bé&@%eIfGBtéhdoé@oﬁh@ﬁ e Fa2027e Aficr F GB 20Pf, 202 fire2§fup cycle
ddress signhals ~A1 , ~A2 ... ~A7 are provided on .
stardslpeeswith iné31 208a- doagvers othaisegyeners. W Reb§eagtial
in.each of th iifZ' e groups 202a-202f,includi ng one row
selefipngpaY Re il % e-charged fire group 202a-202f. Data
si gnpheSadbss sightals ~A1;-BB2al.e~AT ayclddhroughdhed 3 iomesubgroup
208a-208h to provide data to

] al ls%ﬁ re oups, )

adriyessexobeiore rRNeating Faye Syeerosp f?%ﬁmgtﬁ%&ﬂétﬁ?% sionals ~A1,

h i 29 - . I trag
~4 7S ROyl Forpfifiksd T8s 908h.o 08 are bt RBlro liliroup
a&ﬂrlégs aﬂlﬁﬂg ehch hyclertaraur i thediré igrreurgszl 2@2%—22}?&- i%befaddfess

ect t re- ar ge lre rpu a- .

igealb e bTERal- 4 gectens row HBaRyRIARRE g Pk aigupe
zq)zne{lﬁomfo? b¥dleybRr tthg%@g}?ﬁ{e%ré%rb@@s DOPE-202PaF b tHeckext lZ;@cle

each drive’sw 2 in a pre-charged firing_cel
thia@yH firet grosipe i20Rar2G#1 theraddiessigignalsse! roAe subgrRIE

B T o e
Thig \@htiHaéupite iee adBless sigitals ~A1:B82 .TheAnadkecting the last row

capaci tance 126 does not di scharge in pre-charge .
sdhgrowg i fitg groups 2022204 fe Aeftﬁﬂrﬂé%%@ row SHESF%L&% %@g&’cﬁs signals
~A} FEa8" OU 25 PR 1irBN W EREYrSLP Yo BebMinktRiresSEfle over
again.

| In another aspect of operation, one of the fire groups 202a-202f is
operated by providing a pre-charge signal PRE1, PRE2 ... PREG6 on the pre-
charge line 210a-210f of the one fire group 202a-202f. The pre-charge signal
PRE1, PRE2 ... PRESG defines a pre-charge time interval or period during which
time the node capacitance 126 on eaéh drive switch 172 in the one fire group
202a-202f is charged to a high voltage level, to pre-charge the one fire group
202a-202f.

Address signals ~A1, ~A2 ... ~A7 are provided on address lines 206a-

206g to address one row subgroup in each of the fire groups 202a-202f,
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signal ~D1 , ~D2 ... ~D8. A high voltage |evel on the
node capacitance 126 turns the drive swtch 172 on

W@ ecwndosasi ng) . After drive switches 172 in t hePePUSID®O1723
fire group 202a-202f are set to conduct or not
conduct, an energy pul se or @%Itage pul se is provided
on the fire line 214a-214f of the selected fire group
202a-202f. Pre-charged firing cells 120 that have

lrrcthum?@bhegowsiubgrmw trgllhespré?tﬂmargemkﬂm%romprzm 2£2f]5 ddagtia
the firin esi r 52 t n

signa ScoWes ndiY ﬁégareoaf 0 ar 9? Wae%/@ﬁ?eébﬁé%%%\g e data
t@%ﬁé&@%%ﬁtmf' McRIGHS R SdurebE& A& @Eabgemgnﬁlthe pre-

SEL6 for one fire group 202a-20
cluargedefﬂfeuneu;pQQZG-I%)rZ@e signal PREL , PRE2 ... PRE6 for

1 N, UGB SEET SEE 4 AR e
292@-‘2@9?& fl’féepr%eéh%ﬁ' ed *fl%l%fou%@&a 268143 select b préflarged fire

ener FIRE6 for the one fire

ot 2mR U2 R BN SplpebsianAES 4. SFhPge ST discharge
t'ﬁmﬁﬁ'fegvegggﬁﬁ.@ﬁhﬁfbﬁ@ BeRaSeaPtianpR 20 on S g guitch 172
irsa&l pgs-eHargeld ﬁrhﬁg MHI(D theat s eitiper2ittdn HE2hddnessbe rowlstbyroup
msiﬂaegsaélecstg'@'&%[% ngHP 2%%3 @35@9& %qw gﬁ?%" Efﬁs@y%lﬁd %ﬂ%éfq’@
2?%& 9 0bf Bnd] §%éi{hﬂg%gh@898@él dzzé?ﬂ gPaF’BBZi ~p2 PRESgf The node

e next 2a- 20 ter the select sig
céiEdadta,ncSEll% does 18l dis¢harge lire peeechatged firingecallsolad that are

adidiegrog 1 U sRISORESIS arpul 2DEh 2026 Shd38seiving % joul [eyel data

sighat €bar gpg fitnag Ackighvokd§e ldvel A tﬁé'n%@b%p%@ﬁélﬁ&#ﬂ’%
ire or heat ink based on the stored data signal ~

turpg the drivgpgwifsh tIi{@ ameoggdusiingial FIREL , FIRE2 . ..

cel otghafis SWiFRED 13835 BHleon P PR 203 AR K set to
cdm@g:ftamndt cuaduct anenthy ppies aF voltagé paize is phodis® oh the fire
of f|r|n%1fcell array 200. Fire groups 202a-202f are

line Pddaed 4f gf Blﬁ:%%@%ﬂegrf"?@f%?ag%@ f-ePrargharaedrfiring.gplls 120
tHef ave %ﬁdg?ﬁﬁgﬁv%rgmtghéé 973l & é]o‘al:t Btier%t tB&ougT%e[ggmg

I'ndicate fa sign
rexdistd002 40 deahmhkge ejepeinéifrogn dime theesprdig dtdeemrator 60.
for each ro

toe'_tflwd i C d at

bVt ftsdiebbs 2038 T ovgrasiy tautersmn dinariest sgal
seqdr giZS' Q?ELQ for“éne f|r routp 20232691 iS¥ed =R tHé‘b\féQﬁQr e

on address [Ines o address one row subgroup ‘
signahPBEdh FRRE2 he PREG:fcgrtbe pexbirzagreop 202ak202{d dihesgre-charge
s%'ngpah%f%EZ ... PRES® for one fire group 202a-202f precedes the select
signal SEL1, SEL2 ... SEL6 and energy signal FIRE1, FIREZ2 ... FIRES6 for the
one fire group 202a-202f. After the pre-charge signal PRE1, PRE2 ... PRESG,
data signals ~D1, ~D2 ... ~D8 are multiplexed in time and stored in the
addressed row subgroup of the one fire group 202a-202f by the select signal
SEL1, SEL2 ... SEL6. The select signal SEL1, SEL2 ... SEL6 for the selected
fire group 202a-202f is also the pre-charge signal PRE1, PREZ2 ... PRES for the
next fire group 202a-202f. After the select signal SEL1, SEL2 ... SELG for the

selected fire group 202a-202f is complete, the select signal SEL1, SEL2 ...
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~A2 ... ~A7 at 304 are set to one address, indicated

at 306, for one cycle through fire groups 202a-202f.
WQ@\Rdsnoi4ke cycle is conplete, the address si gne¢HUSAD5/011723

~A2 ... ~A7 at 304 are changgd at 308 to address a

di fferent row subgroup from Ych of the fire gr oups

202a-202f. The address signals ~Al , ~A2 ... ~A7 at

304 increnment through the row subgroups to address the
SEL® feuthgr mext $ire gragoe2a-28Pf isrprevidedoRrercharged 8rimgndells 120

i {he 1octE SubOERUPTR ok Hvab NSk T Goted PR signal D1,

~Bybgr i ki ri ;
tBEr @%Is the %ﬂlér@;“élgggi FIR‘E?@TIRE@U... PI@QE&S,(F%QISIPQ an energy

oug re groups a- 202f, select line

palsepisquiovided @3 tix gelegtat fecgronpi2§@ardGRi. 210a coupl ed

FGL 20 Ve, _anal el udl |
IR MR 7 R
oifell gy 2002fFirngtonps 20RarZPflar@ eeRERA if fuccession to

electrically coupled together to receive the sane
erergizd prerehaged Mdngceds d2Rdrasediaredalal sighals k!, 22Ds.. ~D8,

. g [ ] LB 1NQkH~el € [

G B S0 ne e SERRICL B P obos, 2108 o BD e BB

déﬂ)@ﬂ:ﬁhg @ulthelrﬁtfz&kﬁhahawte-e}'éar‘mﬁd,l ihdiea%ﬂ(hitﬁozﬁ for ea(ljch row
precharges a i.ring cells in FGL . 202a., . The node

s e iR =1 2w 157 OBErA Go- 20! GTBDBRUST SFIGS5gonals ~AT,

~/§\9|.!.S~A§Et 504 5% g?&ﬁ@ed SnHRreRdine’ ZoaH-29b6y & 588Rss one row
l'evel . e node capacltances 126 tor pre-charged

stibgrong foeh leach 20 then fitengroupe 202862 (Aip ThGladdresmdignatsedAl,

31 - d t hi_gh t I | at
52, eebafe B solp diiredels hdBatL et Bt Bhe B
thestigKfire§bup s S-S0 ZM Aftetehe Y cldi¢ chmphsteYihéestidress signals
data transistors 136 in all arged firing cells

re-ch
~A20~BR .altAT Bt é%a@pbamagm to aedresgiandifferant row subgroup

B RRTA Bl Ry g .
aP8ad incpemienethrbeg ISHel fRiREdbgioups to adiBresisrthe wdwrgnbighsups in

SEL1/ PRE2 signal pul se 316, The SELl{ PRE2 signal pul se

sequenial sEdesdtom one to1h3and PAck BhoRge Inseings EMROgiEeSiSor
KR ~ak the pre iyd '

ad s UGRAD A ch2 Bl TAT EE 04 Lah e P4t tp ioski RubGrbups

inparey shitatdedrderri ng cells 120 in FGL 202a that are not

in the add | d GL- K, . |
ar DIREQ Gide Rpiah St grainy RE402 450tk g 232 0qupled to
F;stfeo%cﬁzjaridwecaﬁaﬁ edhe34Ba ddupldtfo PG 20PRACCERBSELE/PRE

drive swiches 172 in row subgroup SGl-K to
signal 309, including SEL6/PRE1 signal pulse 310. In one embodiment, the
select line 212f and pre-charge line 210a are electrically coupled together to
receive the same signal. In another embodiment, the select line 212f and pre-
charge line 210a are not electrically coupled together, but receive similar
signals.

The SEL6/PRE1 signal pulse at 310 on pre-charge line 210a, pre-
charges all firing cells 120 in FG1 202a. The node capacitance 126 for each of
the pre-charged firing cells 120 in FG1 202a is charged to a high voltage level.
The node capacitances 126 for pre-charged firing cells 120 in one row subgroup
SG1-K, indicated at 311, are pre-charged to a high voltage level at 312. The
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either turn the drive switch on (conducting) or off
(non-conducting). The SEL1/PRE2 signal pulse at 316 on
wee@samasye | i ne 210b, precharges all firing ceCT/ESHAN011723
in F& 202b. The node capacmz?nce 126 for each of the
. pre-charged firing cells 120“in F&G 202b is charged to
a high voltage | evel. The node capacitances 126 for
pre-charged firing cells 120 in one row subgroup
r@@%u&groupdadw‘eed ah 808 keledcts sulpyreupl®E ¢d<] anal andatagsignal set at

34 Beia i offp ORI Gl B Shed Mo ealls g or a

|
R AR ey of s b b i

i ncl doersgledidingdi2asfor E@b%@@jan@wr@@bgrgwlmeszmb(formz

2oL 0 B P E R 2 R o B s g e

3¢6e MyiezSEL 1/FRER sigpiabpolss HB oris@leet m’@zgzaitdmé 'oﬂQhe select
cells 120 that have conductive drive switches 172

trepgistay 730 inRach githe Prechargad fwm@s;;%nﬁ@ﬁ 2078) dThe

oRIE RTS8 5koRAE A8 SRR Ul o

2012:2 tlaatml:rlbgaf%ggi a&cbieyz selelctat] tom:]vsubgr;]lg)ug;ﬁ@d PQnIrElrhermdress ‘
S8R iy SHPIB DS K et B 14 S loradangicateat 4 .yn the

n@é‘é lcgeabl%ce@r@ee@ﬁﬁetd?ﬁ,e@ﬂﬁheepner@' |hfi‘8\‘h§hb\§?&sﬁ S@ﬂ‘ K to

bei ng 1 nadvertently charged through the
eittrer tagn theedrveesvyiiclh ondeoxhctipgp or nffghon-tbed&;ﬂmu)PREz

or ovi et PRES SHaBR LS A6 R ifod ke 2 goreer

chavrgeandl fﬁ*lr?céelkhﬂo ikt G2 00k, Mwzhefe Sdpadtahes ﬁ%orbﬂaach of
to the conductin re-char %ed firing cells 120.

thepreceharpad f'2'!D9k99N§r1 20dp BOnis m%rg@d e gehigh weltag@lavel

ThE o el 612 o Ry B iR ke ta0 1Gh follduparoup
SpBSc A ol 880 e
O SHbatR A oS b0 sHbals Sihrouas Gake 26H Afataiinal set at
3P8 G SRATERAS d déthﬁ%r& &libs 113@ By ;Er%r%f?ééd flﬁhg cng'ﬁzo of all
| al charge

capacitance 126 is scharge
fifel grionps QﬂZbQQZOlncmdﬁ@ﬂMrehs\sebctemm subdrbap SG2-K.

addr sse rowsubrou ta signal

308 155 LG 55 o s8seNes Sneith gt IReS. Briedfd 3>
inciudimy af @rﬂe‘égylagls@fat%lm%‘éﬁ%rgc-ii@ﬂﬁng}'r@ﬁéﬁﬁé 6d iRprétdfarged

to either turn the drive sw tches 2 on (conducti ng)
figrg cells 120 that have conductive drive switches 172 in FG1 202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PRE2 signal pulse 316 is
high and while the node capacitance 126 on non-conducting drive switches 172
are being actively pulled low, indicated on energy signal FIRE1 323 at 324.
Switching the energy pulse 322 high while the node capacitances 126 are
actively pulled low, prevents the node capacitances 126 from being
inadvertently charged through the drive switch 172 as the energy pulse 322
goes high. The SEL1/PRE2 signal 315 goes low and the energy pulse 322 is

provided to FG1 202a for a predetermined time to heat ink and eject the ink
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of f (non-conducting). The SEL2/PRE3 signal pul se on
pre-charge line 210c precharges all pre-charged firing
w@edosgou20 in FG3 202c. Fire line 214b recei veBCENSI0gY011723
signal FIRE2, indicated at 331 , including energy
pul se 332, to energize firi resistors 52 in
pre-charged firing cells 120 of F& 202b that have
conducting drive switches 172. The FI RE2 energy pul se
thARYyhoezzlds 84 colriespondiag &t BRElIctingrae-gharged §deg icells
hi gh, indicated at 334. The SEL2/ PRE3 signal pul se 326
1?&3es | ow and the FI RE2 energy pul se 332 remai ns hi gh

to haad st met2b iy #Ger@otzb%r@%rree&mpélnna 2i0effor FG3
generator 60. After the SEL2/PRE3 sng ul se 326

Z@Ee@cbtm Shb2/RRES signal aa@rlgyluglmgs'iE l£3 BiggR! pulse 326.

Afgc? 1@%%@]& #wgg ngg% §\$ll E‘nr ewE‘t-%Fléeogﬁer?ﬂcbulse 322

|s$ﬁ9dr€<ihé'SEL@JPRE:BOMgdaIr}QJIQ@32®©hgaelé¢tgmal21ZbimhwlomgeMt
energ Eul se, continues up to _and including FG 202f.

trarnaesthﬂ P iResck of the pgﬁup@%rgsﬁ fispg cellarigl iniF(e2 292, The

L

2C|§EH irlﬁt éﬁ nohinRBG6 aiiPéss selehlaadgew s*;ubwohp §IGhZ/-& tData signal set
. it 126

334 for sy bBEIIL S 20K o Sived Pohesilgr upe BAN g Celif 20 af stiboroup

Sé‘ZT@ %ﬁdlcéf@d Ef 836, hc@rélﬁ@r tin@hd el \ISWI’IEHQ@ 1 '72‘6?1' (cBhd@dting) or

row subgroup address at 306 sel ects subgroup
ofscmamcommtm@o aThegSEILZIE&E%ssnaprﬂswndéa ahargratine 210c pre-

transi stors, 136 al l_pr rlng cells 120 of
charges @ﬁé’rﬁ Ps'a&edzﬁ%g E%I%f ?2(? Rﬁ%gd%ﬁg the address
sel ecik& finé 214B4BBEI0H chBfyyFsidhal FIREC inditated2it B3f, fnefuding
FG6 202f and pre-char ge ['Tne 210a for FGL 202a_recei ve

eraaerge;p@dﬁﬁ mapm@m@e Wiap resistass &2 iR pse-chaegeskiidngcells 120
SReRAEBL AR B B LSS pg FiES bRy puise

332 goedaigiedhfle tthEdLQ}’FPREagﬁgnah pE@@ ABis. hlghelndmdmd at 334.
apaci tance 126 is di

The S /RERSTane RulSe-280 369% I dnddhe HISES Mg pulse 332
re%j% g?@ﬁ% ﬁééte%\d Q\Q’CFMRQFO%' Ehe%@rr S%dﬁalﬁﬁﬁrétﬂgéﬁé@tor 60.

row su gr -K, data are stored
340 Aftet the SEU@/FU%E&sIgmhpalsemﬁ gﬁesdamrramﬂ imhide $he eoargy

ei t rive. swtch
pfe arpre il ohSFL P RS Slandf sebtob e <38 sleh a3 785 and pre-
ﬁé@@ F‘@@Q@Qﬁa' Y3Sprbébss bf ?ﬁé cﬁérgld@g seRlctifig BAQ providfal an
Including firing ce
energy signal, including an energy pulse, continues up to and including FG6
202f. ‘

The SEL5/PRESG signal pulse on pre-charge line 210f, pre-charges all
firing cells 120 in FG6 202f. The node capacitance 126 for each of the pre-
charged firing cells 120 in FG6 202f is charged to a high voltage level. The
node capacitances 126 for pre-charged firing cells 120 in one row subgroup
SGB6-K, indicated at 339, are pre-charged to a high voltage level at 341. The
row subgroup address at 306 selects subgroup SG6-K, and data signal set 338
is provided to data transistors 136 in all pre-charged firing cells 120 of all fire

groups 202a-202f, including the address selected row subgroup SG6-K.
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row subgroup SGL-K, indicated at 342, to a high
voltage level. The firing cells 120 in FGL 202a are

wee@sabsyed whil e the address signals ~Al , ~BCI/IS2005/011723

~A7 304 sel ect row subgroups  SGL-K, S&-K and on, up

to row subgroup SG6-K. The fPPe |ine 214f receives

energy signal FIRE6G, indicated at 343, including an

energy pulse at 344 to energize fire resistors 52 in

pr e- dherspdectilinei 1@f derl F&6 202f ahdpréaharglimti2d 0= éor FG1 202a

E S S T A ek

sRIMAI PALE TGS SERREMTe 225f @ndOR 1179 BEIMEt irafsigidr 80 in each of
swtches 172 are being actively pulled | ow, indicated

the pexehargedtftingreslis He UdndrGy Zpaf sthenodpicghagitance 12@is

SRRSARERALARSEl 500 R LA e ot e

adﬂﬁé@é@él@(ﬂéﬂ Yow@b@ﬁﬁhﬁ BGBAEh IAlthey adgmdst Beldetéd adw shiBgroup
ener g gaul se 344 goes hlah The SEL6/ PRE1 si anal pul se
a

: pRaematored abade ¢y theunede gapagitangas ki gfegch drive
switgn 1&9&@%?%%&?@@ SWitdR drPotgift 1 nk and ej ect
I'nK t'hroug

nozz correspondi ng to the conducting
pre- mher@étBIRREhglgoel b pte2@haryet lare 2 10a, pee-@hBRgSs node

c%!q cifan °ﬁ?g1 dagl f&&%i%l@%m %1 2%2%2%cﬁldmgg¥rn%ggl§§ 420 in

r&”%ﬂgg%lﬂ SéqSKt |ﬁd§:%|t&95t thB%r hlgﬁtvoﬂé%é VAR, OtﬁPié firing cells

-K+1 and so on,
126lie £1G1 Ea%a angaref—gharrged \&Im@tharaﬂqmess sigaatg;e%i neA210bA7

202b I I
P sele 40" LGRS T e TP g AP tBUPYEopoyn, SOE-K.
sel eqhelfirg4iné PAaf raddiePnéa§ siglf FIREGaMSicHE al 843 n
each of the pre-charged firing cells 120 in FGL 202a.

inpheding @8 engsay PHisecat to|@mrg@ﬁ5wgé@|slsﬁ¢r%62 in pre-charged

oPRE B 8 e R cd ARt RuFEle247 it B 268 "R

ress subgrou a S|gna
enetgy3mllsé GM@D&SSNQIQ ailp tS&SELﬁIPREMug:m&Iq)uIs:e 8B@& is high and

pr.e char ed fi cells 120 _of subgrou K+l to .
”@ﬂ?W@PaP'Lﬁ“?Fe@rHﬁeg%\ﬂpf‘c‘f?é@UEtﬂg grve pwiehes %% are being actively

piecHU AR L . "Swtdiipg B sRefanges syanig e e
nbile eapadiancesel 26areenetivgly pullesidods praventsithegnade t:apamtgmces
1383t Reiar el cratgoarmoueb e a7 2 45 e energy

palsering §ﬁ|g%52TI%JSELBYF§1@E%1dr%I ORe! 5’&5@)\/\%6@%9
puI se at 348 1s high. The SEL1/PRE2 signal pul se

egoey pWee 344 is maislainag/high for a predetermined time to heat lnk and
eject ink through nozzles 34 corresponding to the conducting pre-charged firing

cells 120.

After the SEL6/PRE1 signal pulse 336 goes low and while the energy
pulse 344 is high, address signals ~A1, ~A2 ... ~A7 304 are changed at 308 to
select another set of subgroups SG1-K+1, SG2-K+1 and so on, up to SG6-K+1.
The select line 212a for FG1 202a and pre-charge line 210b for FG2 202b
receive a SEL1/PREZ2 signal pulse, indicated at 348. The SEL1/PRE2 signal
pulse 348 on select line 212a turns on the select transistor 130 in each of the

pre-charged firing cells 120 in FG1 202a. The node capacitance 126 is
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pul se 352 remains high to heat and eject ink from
correspondi ng drop generators 60. The process
W@ silm4es until printing is conplete. Figure BCT/BESH05/011723
diagramillustrating one enb%gi ment of an address
generator 400 in printhead d 40. The address
generator 400 includes a shift register 402, a
direction circuit 404 and a logic array 406. The shift
dlsegagedrlnwlaarieschar@@d fioglcels ¢20 i EG1t 20213' fhat arenot in the

adfest seligted supatwp SOATCt . Patd PonELarsi e fob s shBroup

s€9"1f R¥1 488tdr84 wema é@-éﬁar@éﬂ 'flﬁhgrceﬂé'HQUtof'shB foup SG1-K+1 to
Oa-410m 1In the enbodi nents descri bed w, address

el@wfdum drlvaBWItphesﬂa%@naumfésEh@ B@HVBREQ signal pylseeB48 on

PiestanR T Tar-Sraher o T S 12858 A 2ot g o

cont TRk fisé 9]ﬁ§|21@§Yé€elﬁé§| eRbrgyi puils® B52ltg RAkfgiZd flﬂ'ﬁg r@ﬁgtors
in response provides seven a ress signals ~Al

52 and-e-chaiged ftng sslls 130 &f § G1ag02a have conyiqc’rmggdrlve

I
SFHIE, Y5y erd Bl o A URARE el /PR son
plhlSeCatleél@n‘sldmbh‘rEﬁ?e SEIJWIHBFQI sggmd_ﬂq)uTs‘leZ 31'28 ggﬁ fowandete energy
on select lin e.d., select es a own in
Pying A2 TAAIRBAIGLS Hiat g St o GRESIHIBIRGERD of
gén&Q 'fﬁSn’sQ%O CTI'iééScSCﬁ%Q'UthHﬂé‘é"uhﬁl ﬁr?rﬁiﬂ ng cbﬁlg“[’?téom rol

si gna toinitiate a s quenc
sequEigtre @ﬂs @ddiagmdlusmnng oA embodiment of &o raddreissor

oA So AR THE At Moo s s
rdfiStep 402, éiuwea‘ﬁom@*rdmtm 4id a 18git Aral 406 trhétshifeﬁe@ét@r 402

timng signals T2, T4 and T6. Resistor divide network

ls4a_.@chn@auay oegpled i dgegﬁlcghglrcurw%rmgggh dirattien sorfrelllines 408.
S SafelRoRig: 402 s SRR BT ) T 47 0B o B

retg|$teﬂgat|gmahe@n10ar4a0neval uation signal |ine 420.
Resi stor divide network 414 receives timng si

t houhthe emhgdigigradepsiRedibelowh ddgraasanaiainn %Pﬂeprov'des
aéf&’rletSQ #eve fn%lg ELiE P80 5§98 e%c)toﬂn@ﬁp‘fhéjspérésggjr']é‘?%‘?ator

voltag timng signal on second eva
480 gaeélvdas axtedizal sidreds, steer Fidiina 2B, meludmg@ 4dabtrolesignaldSSYNC

tim n nal tim n nal ne 4
g et igenlaneind 756 (AL teFRPTes PR SIaATIFES signals
~BH WAQG &A?d%%%d&éésagpnb@%1 T@AZ' My Sicfa@|velbhen they
third evaluation signal line 428. The shift regi ster

am0ip thedewweliage heved| assingicatedCBY e precedintg idatonogach signal
name. In one embodiment, timing signals T1-T6 are provided on select lines

(e.g., select lines 212a-212f shown in Figure 7). Address generator 400 is one
embodiment of a control circuit configured to respond to a control signal (e.g.,
CSYNC) to initiate a sequence (e.g., a sequence of addregses ~A1, ~A2 ... ~A7
in forward or reverse order) to enable the firing cells 120 for activation.

The address generator 400 includes resistor divide networks 412, 414
and 416 that receive timing signals T2, T4 and T6. Resistor divide network 412
receives timing signal T2 through timing signal line 418 and divides down the
voltage level of timing signal T2 to provide a reduced voltage level T2 timing
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signal line 430 and direction signals through
direction signal lines 408. Also, shift register 402

WO e@silv®asstim ng signal T through timng signaPCT/URm®05/011723
432 as first pre-charge signal PREL . The reduced
voltage level T2 tinmng sign® is received through
first evaluation signal line 420 as first eval uation
signal EVAL1. Timng signal T3 is received through

sijh&l aYofisst @Valuahbn sigh4 lins 496c Rukistoe divivy getwoirk 4k receives
RE2, and _the Educed vol tage |evel T4 timn

timing wgaak Bt h ingetigng| IBeA2dand dividen e "?hf*evwi&ge level

LI s S e 59 A

ewdiudtion sighat Ime 4214 pResistordividOetwbind 1Eheddivesstiingtgesignal
| udes thir

T8 Raroughatiaa sighal fing Aenc: i Eibs degin. & vltagsRvel ot Biming
S%hSPPé fo ploVidE R Fedf@sdvsitidd IeV8OTE tifling §igha148|$ﬂ1lf'd3§%luatlon

rovides one of the shift Tegister output signals
sigml 1B@1428.The thirteen shift register cells 403a-403m

' RSB e 508 Fe et ik Sl O AR St
sighBEinecAB® dhawivestion big‘rialsr mwgreduré&%rpﬁgnalnmetsdmsarmso
sui tabl e nunber of shift ?lster cells 403 to provid

shiftyegistardiZarensives traingsignal THdhrasah imingsignal e 32 as first
p@9@%r@§£§naﬁ3ﬁ%ﬁ rﬁﬂgdgﬁuéﬁy&g& géﬁaﬁ tlﬁiér?@t"é"g?]al is received

theotighutirst iegakiatibbigmal $|hef4120rasgﬁ|rst evaloatigrusighahEVALQa. Timing

hi f
SiglppLi Fefegeuechiugh URING SIg83 CEA bot SREOH] AE-ghayge signa

Pﬁ*@i bnb&AL %égucé“oﬁ%nfg%%varmt.m §ighkt |srr88é|\°fé§ rthrough

out put si on shift register “output line
s&torfd evaégaimresngual line1424i apseconia svahiation sigyiad EMALZ The shift

gt 402 pfafites S gl opbiTabaE Y1 iy bBGHH: Adister
og%pu,t,e‘@n,gggjmﬁﬁﬁ on shi ft register output |ine 410e.
regi ster cell 403f provides shift register

out pﬁh!‘ﬁ aistestd? dicludas thirfesy shid wewat%@ell$ ARda4A3m that

i r [
RIS L oo R B R Ee BRSO EAEH st goaister
c&ihi 632408 p@vided) dnet6Btherstii refsistes bufpgut sigiats 801 SO13 The

out put signal SO8 on shift regi ster output I|ne 41Ch.

thigkeen Shidgpaister ealisi405asfO A6 @lactigallyicotiplad ngeries to
oA SRSk iof S te oA bat, o ofr
emibopimestsgshift régikierot03 bar tncluslg M3eswtajilm:mrﬂhen@f 4hiij register

oSTh i EEBISRAFS o b P 5 ek 5% Spats. to
pfobfite arly hUFnHe‘?QJ‘f%bﬁred address signals.

Shift register cell 403a provides shift register output signal SO1 on shift
register output line 410a. Shift register cell 403b provides shift register output
signal SO2 on shift register output line 410b. Shift register cell 403¢ provides
shift register output signal SO3 on shift register output line 410c. Shift register
cell 403d provides shift register output signal SO4 on shift register dutput line
410d. Shift register cell 403e provides shift register output signal SO5 on shift
register output line 410e. Shift register cell 403f provides shift register output
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cell 403l provides shift register output signal SO12
on shift register output line 4101 and shift register

W@ edos/14333n provi des shift regi ster output signedT/B8%085/011723
on shift register output I|ne 4 10m The direction
circuit 404 receives control %%i gnal CSYNC on control
signal line 430. Timng signal T3 is received on
timng signal line 434 as fourth precharge signal

sipREMS OBl sitifiregidterautpgidinesyt0f. Bhift regisigr seljd8Bgipsovides

S AP OB R TGP EAL £1 oSt giut Haei 4 toecanit saoister
c TR SO bR bty A0 I S0 D HitFetioy But ine
41@sh r 8hift registoncell 403igrovides ishithtedistaroulpst aignahB09 on shift

| uat it 404
reQidet aueUllPe diDbrStRgRuis s T PPdgre EEM pgiter output

snghépggho%rfﬁﬂﬁlregnsﬁrmﬁﬂ)uﬂ|in@&1s10}0&hufmeg|ét@gbé|| a0BRYrovides
I ncl udes address |ine pre-charge transistors 438a-

shifigggistardrdput $gaal @i dentshifh segister sutbdina49d9k. Shift register

oSBT ERES PTG 42, HRTELEH A 8423 201 4Rl At ine
‘4’1(9193#6 shiftaggidtr dwmmeprmﬁmﬂtre@emrmutmma 8363 on
470 that decode shift register output signals

S@fbfegéﬁ@' BrPgHina 41¥Pi ster output |ines 410a-410mto
pr OVTH§ 8@%‘3{18 RirchifA8h fecedes cafifol signal UﬁYl}& &&ghﬂ signal
array I'nclu an

es address one tran stors
it 880. Jidingssighalol 3 isaneseivedran W By agldal4m&b434adsi fagth pre-

th t ' 45 d 450 f . ,
ChatgRaiaa) kB0 derrgciesh volain bye T4 §ivag el isgegeived on
eéaﬁé}éu&ng.gﬁ%ﬂr?ne ad4858ukh 6vhliRNsh %ﬁgm A6 anghid§ & nal T5

dress Seven transistors 458a and 458b, address éi ght
|streaawedtcmtynmgaaldm¢64ﬁ@ as thirdeere-¢harge signat PR3, and the

reshispodRace Rve TR ERG. uib 5 AR b s AR AR S ¥ e 428

a$ WRfd/ evaluatich s%;%:s EXYA83. ank diesdlicansiroaitdrtaissrollest diesttion
a

transi stors 47 and 470b. The address |ine pre-charge

signalsdpsahdfi segision 492drongh direstion isignal inevdBbed to T3
| 472a-4
and" She 9016 £ AREERAES Sidr i Ao o8 it Ssea-

438@ aﬂmag§et/1alalaﬂonitrrah3|¢ﬁﬁa 440e-440m} evatadtion pmvph’emt 0
gnal |ine 434. Thﬁeother S|de of the drain-

trang RtcRF 24anraRe At 4t ang e YU AIOR e NS HaDRSI 444 Also,
B L0 P et AIAA LI 8,008, 00 OB coode
shifteepstereoutpahsigealsrSA 38O B3 enshittagistet dbytped inted19a-410m
to prOV|o%naddr|elsg%|g4neé s ~Xq e~185,h ST-A7. The logic array 406 includes
address one transistors 446a and 446b, address two transistors 448a and 448D,
address three transistors 450a and 450b, address four transistors 452a and
452b, address five transistors 454a and 454b, address six transistors 456a and
456b, address seven transistors 458a and 458b, address eight transistors 460a
and 460b, address nine transistors 462a and 462b, address ten transistors 464a
and 464b, address eleven transistors 466a and 466b, address twelve fransistors

468a and 468b and address thirteen transistors 470a and 470b.
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side of the drain-source path of address |ine
pre-charge transistor 438b is electrically coupled to
wa@odasasssi i ne 472b. The gate and one side of tP€T/US2005/011723

dr ai nsource path of address l|ine pre-charge transistor
438c are electrically couplea to T3 signal |ine 434.

The ot her side of the drain-source path of address

line precharge transistor 438c is electrically coupled

t o alleexkirésslinelfRechdige tgatsistars438w438g ar@tldduically

couBRdta T Sl g A3 ARd Aptess hes A Toctr 49 The gAlmand one
s.ubrtff tﬁ%ral}ﬁ%u%@ sétr%ﬁeﬁwésé e grégig%@%%&%iw 1384 are

dress |ine pre-charge transi st
e@lctrmaily @@UDLEddOU'EB signablingldd4s 3heiatkerside of Tlhaed@m-eource

pafEerifgs fng bre 2o SRl 8708 PedlicBRbiipled Paddress

lins3 428N dhel dgené ahdonelSidle &F tes dedif®ofcd ﬁ@thctrf%id@lréswﬁrﬁeepre-
path of address |ine pre-charge transistor 438e is

CMFQ@ttFQWtPWQ% prealacyicaliv cospled tadl Hvigeal line43ht &he other
SRR ARG TR cled BRur e e PR RlostEBRs B s,

transi are e

el"é&trmatyv@bubiedetola'ﬂ@lreé'e’nm@ﬂh% Fheegyaté ahtondr side-of e drain-
charge transjstor 438f is

h of d |
S@iegate & PYTESS e B Taiar Daaskiare sppAre clprigallecoupled to
Tgr%g;_r{a:ﬁné'ﬁ@f. Of e Qlﬁeg%?g"bﬁﬂéro‘f'? %J?cé’g?ﬁg addiey Eé ﬁﬁe pre-

charge transi stor 89 are electrye
clTagengmsllstbr ﬁ%m%ledﬂmeaﬂu beupled de adfiresisdindr44 2o. sﬁlvas gate

B bBe S Pl (ecdabl-SeBs Paia ot ddaresidne pag cheros ensistor 438
a@@@@tr%ﬁw coasidHes T3 $|§ﬁalﬂfn% @ﬂlﬁr’gﬁe bl Sigd Sf t~°ne drain-source
438a-438g are electrically coupled to T4 sign 1 ne

pathof adesessineprergharnggriransistaed 38d is mhetrrcallys cgnxadleduo mgdress

A3, SHER SRoh s TRE T hd Bl 1 308 o

chrgeafisistolt 438t b SlecttBily éaagledquagggﬁaquneemm Phe other
t he address eval uati on transi stors 440a-440mi s

sideafthe deainpoNERPal f addsessiing Breugharen tansisior 436 is
eléé icafff BogpIEa t8fadhp§srsdﬁrf€ E’?@é‘r ?ﬁi@g{ 28& oRBHIEbf & drain-

dress eval uation ansi stors
solugek epatm ptatidiness dmplmd -charge transistord38fldré elesiridallg coupled to
rain ur f addr eval uati on transi stor
T sind BherSd, AeloRor 266 1 d8e b BALSR peth ot adsirasssline pre-
B UisTutoosats RRick é%ﬂ'z%%f’%?‘g% B8 08 726" T bale and
o eidgr efithe sisainesoupee hatht ofa@dﬁressllmarejahar@e trarssistos 4889 are

o8HRRaI T oRLERIR Y AL uS MR A Bt el S
p&thQst dRiredelid preathargearisaflot 38y Rl lattrieally EdSvled to address
line 472g. In one embodiment, address line pre-charge transistors 438a-438g
are electrically coupled to T4 signal line 422, instead of T3 signal line 434. The
T4 signal line 422 is electrically coupled to the gate and one side of the drain-
source path of each of the address line pre-charge transistor 438a-438g.

The gate of each of the address evaluation transistors 440a-440m is
electrically coupled to logic evaluation signal line 474. One side of the drain-
source path of each of the address evaluation transistors 440a-440m is
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476d. The drain-source path of address eval uation
transistor 440Ce is electrically coupled to eval uation

WO 2ovs/145468. The drai n-source path of address eRel/us1008611723
transi stor 440f is electrically coupled to eval uation
line 476f. The drain-source 5 th of address eval uation
transistor 440y is electrically coupled to eval uation
line 476g. The drai n-source path of address eval uation
etacmmllytooupbmm dgrountie dn addiiohy theodnairedotreeepadh wﬂaddress

ne .47 r.ce. path of  addres

evaliatiod fansiits M B ISHERLNRY sk i P g tat iR 47ban The
diRgs ot pdihcofHRir8sS evaltatioRtranStarddpSs efscicaly! @upled to
transistor 440 is electrically coupled to eval uation

evalgatiar §pe 47Rb. drhe dradvbspueerath of fddmpsavaluationtzansistor

PR gisticalt] B8y RO ERM kB 1he 2168, e Sl Satia filn of

atidmssi slaluatibiOtansistel 4404 i aleciticaily pbagletido @valusiondine
line 476l._ The drain-s pat h of address eval uation

4¢bdndiherdrpiniaelirce Path @ ?P'ﬁ%@&rsl%ya&ﬁﬁlﬁﬂéﬁﬁrtsbstﬁm%tﬁ ¢Jgctrically
c%% @Ed 45 QLIuHEen glﬂF%ﬂEd 'Prﬁ@dﬁelﬂ 1Q0Bce! fith Yrdid r%s%“é\%ﬁuatlon

I'ogi ¢ eval uation arge transistor
trahsistari4dlf isyelectrizhdyl cDupIEE telegahlatlbn niee43Gf aithetdrain-source

p8tL3 asiihess Bualatad LRnStS AR BRIk iRl arIah b glalyation
li9d 4288 tRel d}ﬁlrp!;@lk'r%ﬁtﬂe@lﬁ‘ of éaﬂﬁa‘s\%té%llfb‘h%ﬂ tfa?wstor 440h is
el ectrlcallécou to T3 m@g}g ﬁh@l ne )

elpctioally soup dri@tevadﬂatwdmﬁaﬁ demmsmme aath cftagidress

oAb ranSEld A 1 sERYBaT] oA 0aR0 TS BltAun ey The
didig-soafe pabeofaiddtess evdlaaiei andisr A40pis élélctrlcally coupled to
prevention transistor 442b is electrically coupled to

evralugt@rm tne ARk Ebe draiRsoyres Ratifadsress avajpation transistor
42(5@'i$agb@i‘r¢a Séfﬁa%gct{ﬂ OeR/FaRl%x‘ﬁbﬁtn% £ARP T § a%?%&}:ﬁ:% e&é&h of

ogi ¢ eval uation signa
aédﬂasarmlzab.ratbhdrwtslﬁor 440lles tedEdtmmlly&foapmm @laldatibn [ie476I.

n- sour ce th addr ess tr SIS irs 446,
Thagiran Solires PRLOCREArEEs SHARUOR YA B TA4sRrs siearisaly
cbu;ﬂ@é tég@gnﬁﬁgg iRBA7BYR uation lines 476a-476m The

gates of dress transistor pairs 446, 448, ... 470
are afhemlm;md foinfet swlegxf theed raamspunceaoajh aff ingRQﬂsvS@ﬁaﬂon pre-

chalg® ihstelor 44k P 8l o ls 3aBaT ikt 30 s e other

s@betﬁtthe @I?élh%o%%@b% %‘éléémééllyfcﬁﬂjpfﬁécﬁfo B@Malﬁémugnal line

|ine 410a. The drai n-source pat addr ess one
474 adSegate Oﬂ%alulaﬁoélpé@‘i&ﬂtl@alTTWWSMQM@%B isreleaigicallyieotipled to

ngs‘ijdrﬁaﬁ T’lng i4%gf. The drain-source path of evaluation prevention transistor
442a is electrically coupled on one side to logic evaluation signal line 474 and
on the other side to the reference at 478. The gate of evaluation prevention
transistor 442b is electrically coupled to T4 signal line 422. The drain-source
path of evaluation prevention transistor 442b is electrically coupled on one side
to logic evaluation signal line 474 and on the other side to the reference at 478.
The drain-source paths of address transistor pairs 446, 448, ... 470 are
electrically coupled between address lines 472a-472g and evaluation lines
476a-476m. The gates of address transistor pairs 446, 448, ... 470 are driven
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472a and on the other side to evaluation |ine 476a.
The drai n-source path of address one transistor 446b

WO g008l1es355 i cal | y coupl ed one on side to addresBCT/UR®05/011723

472b and on the other side t? evaluation |line 476a. A
hi gh I evel shift register ou %ut signal SOL on shift
regi ster output signal line 410a turns on address one
transi stors 446a and 446b as address eval uation

by shifisiegister ddipat signaly 86d-30 18 yhraughgiify cddisige olitputisignal
eval %J&atrl (%8 si gnal LEVAL on | ogic eval uation signal

lings14108410/he "addr ess one transistor 446a and address
eval "Fﬁé'q‘éﬁ’eé bPAGHIEL8 ondARMSABAUA6d SndaubEry aitfically
addr ess ne 472a to a low voltage | evel. The address

cwmed rtaﬁblftslte@ﬂs’faﬂ'@%tpahﬁlgaabhﬂ’@séﬂ .aTbatdrain-squies pethoef

N T I e e S

472@@ﬁb|~°drpﬂ1% dth8esidado #d8luatibg lipbel7ea. CEid dratndpLR: path of
shift register out i ne_410b. The drai n-source path

agdresg dnestsansigtor A&Eb,.l%elﬁctrmﬁﬁ cpypleduta Pie gideytocsigsessiline
472 318 H @1% 5tﬂfaf‘§||953§%t\)/l_ah%ﬁoﬂ|%@ A3 Wy ed??le%r@'pﬁ foiter

o evalu drai n-sourc
oafdit sRmal BO 1t OIaIBEIfBItefgIStéﬂ(&lﬁpu’SSIQhabltrTe 4104 ;urnsu oplaldiress one

U80S BAE AGRSIATHEESBS ARFSGE Ao TSP 0 i furmed on by
mrg%@@ma é%uﬁfbﬁ@i\?ghl FEYABIGH lo l&é\#&luéﬁcﬂﬁﬁg %I‘ M 474,

S on address t transi stor 448a and 4
The didelsss scomd transnetortt?rd@rmrgi addregglevakiation rtzahsm’aonb%@a

- oghie IS VG gl P RT3 B 45 voEeRRR o e Seigress

oﬂé%naré@oraMtﬁéﬁd avatasetdvaludtionntrdrisistbr 4408 cepadstab dclively
actively pull_ address line 472a to a | ow vol tage

pu%eddrewﬁ@eﬂca’cet@sai%vokmieyebr 448b and address
eval iﬁé q%ﬁ.’ ﬁ%cr%"sgncwé"f%si‘s é’ncﬁﬁaéﬁf%w e%l(’; ﬁcally

addr to a l'ow Vo
coalsled 36 shift @gistenosipst ne 445@aTaBCHréﬁ10d:bL&ce path of address two

B e S STk o BB s o
tHel Gk § 't tﬁ)nel &76 arhy dFéIH%' Sn?cé’ﬁaﬂﬁrkﬁ aldEsd fvo

addr ess ne a an on t e ot her e to eval uation
trhnﬂletoﬁ!@l@b g lede airically-coplerbopank suﬂeatiﬁadxﬂ;ress tine&72¢c and on

tra si st or, 450 lec ca ed.on one side t.o
e aEs S48 e vaRtion ke 4 A ot V8] STao Bl i #idnal
SU?_”Sn éﬁﬁ’ﬁrefg&t@# Suhtp|ut3¥i§ha!3I|1’Hef A1014iras 8h Ridresy tvid FAASIstors
S regi ster output signal |ine 410c turns on
44&@ raesls44tabr &addmguwbraélonawsm’ﬁ@r 4ipisdyrnaitier by a high
vol¥age ave Qvélﬂgp 8] ?lal ﬂﬁgﬁ\L oh logfc ee\}jaluatlon signal line 474. The
address two transistor 448a and address evaluation transistor 440b conduct to
actively pull address line 472a to a low voltage level. The address two transistor
448b and address evaluation transistor 440b conduct to actively pull address
line 472c¢ to a low voltage level.
The gates of address three transistors 450a and 450b are electrically
coupled to shift register output signal line 410c. The drain-source path of
address three transistor 450a is electrically coupled on one side to address line

472a and on the other side to evaluation line 476¢c. The drain-source path of
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on by a high voltage | evel evaluation signal LEVAL on
| ogi c evaluation signal line 474. The address three

WO e@sa0msdr 450a and address eval uati on transi BEDUS2049¢11723
conduct to actively pull address line 472a to a | ow
vol tage | evel. The address t¥ ee transistor 450b and
address eval uation transi stor 440c conduct to actively
pull address line 472d to a | ow voltage | evel. The

adrirbes tinkedrhirsistor 450y ig eleatsicaliypcoupléd @naonk difi2lo @address line

4{ad8nd oBahe RIS fo SYabaion ing JgBt o Rk a3t Rgister
o%gpée.g@sfs%%sh.ﬁ r@%%@érrddfﬁuﬂé{ AURESA RNUARESS beBrdR

Ine 472a and on th er side to eval uation
threenrangigthrs ﬂrﬁ@acami #5@pas addmrsre\ra‘luamte@ssmouﬂmc is turned
ansrs or ,,452

I t
orsfiaghivelach Jous” sialtatiop ray KESAT; G it BUEM BT sighal
lid 474 4THeE. ad’err&égrhré@vr@rhs@tbrfzrsaaemcsé@d_rre@gterwruembgnﬁdnsistor

4 on shift él ster output signal line 41 turns on

4%c@wqtmactw W oLl edpessiing 4ftp tosa lpve yoliagr leyel. T
ggirjer% %{s?&éf 259!% aﬁé %d?é‘sa é\{e@%&{‘trgﬁs&oﬁ] '49ch conduct to

eval uation si

a@tW@lprrIrll andsisgninke 472ucto4y I4>w Vdltageddvelss f our
transi stor 452a and address_ eval u t| on. t er st r 44
condlieg gptPsek adUP§S ?ﬁwr traqgistesiioa @ 4520 g glacyialy

c%@éé&%shmvr%g.stéﬁ&m gﬁérgﬁér Ifn‘é%m(% agrié;] grah-s%@?&e ??@e?fy

ress eval tation ran I stor uct to ac
aghdrebks folgrtesssiston 4523 Releotra:allymouplbda:geom@sblle toHEderess line

t f add fi 4 454bh a
+Efa Eha RoPetEehaedS eublRfioR iRE 37 Bae TR e S Gk ath of
aé{dl 28s fdWararidigtof! ﬂ%lﬁ‘@@l@bﬁ%aﬂ?bbuﬂédﬁﬂﬂéﬁé Sidel té@ddress line

transi stor 454a is electrical cou on one side to
4’82z and ©n theethersida g egaluatien bnﬁ é1’76§l dehigh level st register

I A76 Th f
outplf5ibAER OB ShY BoBlet ol s [BLIh R S agdress four
tranislsess 4628 %nél7423‘2baék§1aadlre%b @v@tmbnsraisrgtm £4%d murmr on by
line 476e. A high level shift register output signal

a 5 weitags ievel evpluation ggnallE\ng o8 logicirvaluation: signal ling 474.
TRYSHARS S foliPnhh8iRIrs2a5 1PARIREY ofathiiBh ifidstora4od
eval uation transi stor I's turned on by a high
cord uch ¢ abthwey pelt aldda&ssdmwtlﬂmio & BvAloltages exetr €k address
[ and address eval uati

Tl BB SHeT A42t 81 AR PYBHAOB JEeor 108 pohdi 1§ afively
P B e A el " 2ace. conduct to

act i Veegaped of adidhess five traasistas 454 azandodb4to areaglectrically
cclnﬁallgrli to shift register output signal line 410e. The drain-source path of
address five transistor 454a is electrically coupled on one side to address line
472a and on the other side to evaluation line 476e. The drain-source path of
address five transistor 454b is electrically coupled on one side to address line
472f and on the other side to evaluation line 476e. A high level shift register
output signal SO5 on shift register output signal line 410e turns on address five
transistors 454a and 454b as address evaluation transistor 440e is turned on by
a high voltage level evaluation signal LEVAL. The address five transistor 454a

and address evaluation transistor 440e conduct to actively pull address line
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The gates of address six transistors 456a and 456b are
electrically coupled to shift regi ster output signal
WO 2ovs/143u6¥ . The drai n-source path of address sSP&I/US2005/011723
transi stor 456a is electri cagLy coupl ed on one side to
address line 472a and on the“other side to evaluation
line 476f. The drain-source path of address six
transi stor 456b is electrically coupled on one side to
4524l teeadowiviodtagd@ devednd heraddnessafimtrae"sid’mrt%%\aﬂdﬁdd ress
line. 476f. A hi er out put si-gnal
evgiiaa Sansetelaiite @t B ecuielphiil fia@ss 72 Mg ow
vethROdyess six transistors 456a and 456b to conduct as
address evaluation transistor 440 is turned on by a

hi ghThelgederof addiess siy fransistars o pnd BRD. arﬁzr@ectrlca"y

R s e o AR AR 18 R Bl of

addié3stsix rahotorad56ads eletiidally Doaiphdio® opeSide to address line
transi stor 456b and address eval uation transistor 440
4'¢gmandion heRtheyaide tpevalugtian dse 4/6ke Thejainsquregpath of

a%@%&s@%ﬁ)& r%g Etor-ﬁl?)%bQQEfe%tr‘?éﬁ l? gféq ST YR8 sﬁi@ﬁécﬂr@@ line

are electric ed to
472gbatiem thet gther &dgrtalevlaluadaoﬁhﬁg 47Btf1eAd1ugh tesd shiferegister

oftsps e R e shitreolstalpiblteiiinadng 4 P irad afress si

trQﬁé‘i@foé uééaté?wdezl!%w@ éd?ﬂidct BS aliGRshs dustcH ﬂaﬁ&é’t’bﬁ 840f is
pat h address six transistor 458b is electrically

turoeg bedom higlevaeltage levelaimiuation sigealdBéAlandheraddiess six

uibgeier 2o il T GetR e SlaroR bk £adidpal EiGiadvbly/ pu

agdi@rallinkl 472 b oW v difageleadl ' Eiss addveskrspahAsiotor 4688aand
and 458b as address eval uation transistor 44Qg i

i's
a@dme@é@V@masgpnatransgqto%ﬂefﬁmdugm activeiyupyl @%drﬁsg g 472gto a
(ﬁﬂ’a ddress seven transi stor 458a and address
eva |on ‘ransi stor 44Qg conduct to actively pull
addr Fhe datee ofid@direse savenwansistarg & Sta\arid 458teamdeleetally

t t 458b d dd | uat
oouiRg @ B tasIeronpaL Sonal Mk 4 100-y | Beior Alchfeee Prif e
add 2 st #ah8iMorssags eﬁe%‘(ﬁéallg 2 g%‘ &5 oflb s‘i"d@foeﬁ'&dress line

elgt transistors 460a and 4 re electricall
4¢2phddrt hestthet sidedo svatuation pioe 45i6gnalhe dram sQ(mh:e platb of

graln sorce at f. adres [ ansi st

s, e tp s sl AR ds S iRy ethlest QRAPRELSY forakfenS e

4?21@’ afb I eBther sigkds elvaludtioh Yinki4ragl i MRighlElel sHife reglster
drai n-source path of address eight transistor 460b

ouipeit signeh SI07 e spifiegisteroeidput signaldingadtQasiirns ae address six

transistors 458a and 458b as address evaluation transistor 440g is turned on by
a high voltage level evaluation signal LEVAL. The address seven transistor
458a and address evaluation transistor 440g conduct to actively pull address
line 472b to a low voltage level. | The address seven transistor 458b and
address evaluation transistor 440g conduct to actively pull address line 472c to
a low voltage level. .
The gates of address eight transistors 460a and 460b are electrically
coupled to shift register output signal line 410h. The drain-source path of

address eight transistor 460a is electrically coupled on one side to address line
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472d and on the other side to evaluation [ine 476h. A
hi gh I evel shift register output signal SO8 on shift
WO e@sa0865 out put signal line 4 1Ch turns on adeeEES2005/011723
ei ght transi stors 460a and 4g%b as address eval uation
transi stor 440h is turned on ™y a high voltage | evel
eval uation signal LEVAL. The address eight transistor
460a and address eval uation transi stor 440h conduct to
472 andlon thel dthadisidede evahatioflinet4y 6h. | Tve dislin-agurce path of

I [..T dd i ght, t i st 60b d. .add .
audeen sigiratinier 200 Saisrt Ealuaafbed Shefd B G aRtess e
4794 5R8 ol theeotAdPsideo 2vhRMitBAllha T 6he V& highlleQebetif fe@ibter

address nine transi stors 462a and 462b are

oulpeit signehPOB e spifieiegistersolitput siggakline-4Hh plins ongegiress

li A . , X - _
elghE fraftalors 7892 4l Ha8H: BAARAS B AR GRunePBega i yrmed
oRGgreRighl volagé 1@belavaluatiohsgred| h&EVAlL dThé @devedsugighon

line 476i . The drain-source path, of quojl.lress nine
trapgigtar 460 arsbaddress I%@mﬂeammsmp?‘ ePNi ta palivaly pull

agg%gj@gH@ tﬁ)ra;-ﬁ)vfoglt %pﬁ. OFShadiede dightVHsitbi £#80b and

evel®'s regi ster output signal
ad@@ssrevahidtionrtearisistor 440 pandudtdo alctivelnpull Bddress liree 412d to

ddress nine transistors 462a and 462b to conduct as

ajepiveliade gtehat i on transistor 440 is turned on by a

- hi gh1ygld-a88 of 8¥&es8 Wild'@hh&IBtobs 482h akB\WE2h dislectrically
address "nine transi stor 462a and address eval uati on

coupled ite sbift gEtecouiput signal ling 4@ yThaudnairagaureepath of

b I I I , h i T .
aiif sl e il e el AR B Bl Ak topogrpsp tne
Arpmanatort Mieasthir side to @valuationding 47616 TAE aintscurt®path of

vol tage level. The gates of address ten transistors

adduess e HenpistarAabds lectaally covprdan opeside o address line
. t ntiNy o e _

A8 KPP0 A S8 vkl B s a7 A i e R ot

oaipuip sigthab SChen shiferegistadoutpatsighalding/2t0iduchsaom adidress nine

ot her si to e uation line 476j. Th [ai n-squrc ..
trans ntass 4BgarRscdGa i caict AS AdAtkss SUliurticn [Faasipiog 440i i
I i i n ;
AR OR8PS IeIoREI R SiBRarL EEVARN ThEddiges nine
trapgiskirdi62aiansliaddiega aivabetion dransisitén 44 Qi gosduet towagbively pull

ignal, |i 410j , turns on, addr.ess ten transjistors 4
adiiFadng A20 0 ol Vg ePE T 2 diReb 5 ahSilor 482 and
a8 &valudtibnardnsidtor ahbiagmduel R agielyusdli addressnNak 472e to a
LEVAL. The address ten transi stor 464aand address

loyw woltege levet.r ansi stor 449 conduct to actively pull
addr Tha da'tgse oflgggress ten transistors 464a and 464b are electrically

coupled to shift register output signal line 410j. The drain-source path of
address ten transistor 464a is electrically coupled on one side to address line
472b and on the other side to evaluation line 476j. The drain-source path of
address ten transistor 464b is electrically coupled on one side to address line
472f and on the other side to evaluation line 476j. A high level shift register
output signal SO10 on shift register output signal line 410j turns on address ten
transistors 464a and 464b as address evaluation transistor 440j is turned on by

a high voltage level evaluation signal LEVAL. The address ten transistor 464a
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to a low voltage | evel. The address ten transistor
464b and address eval uation transi stor 44Q conduct to
wa@edosaedqys pul | address line 472f to a | ow vol t BGEUS2005/011723
| evel . The gates of address gl even transistors 466a
and 466b are electrically cdﬁpled to shift register
out put signal line 410k. The drain-source path of
address el even transistor 466a is electrically coupled
ar@hdﬁt@lszs iedaIUadJFadda’rMOﬂ 440 od;?ié]bctandaabinelyimllkndth’ess line 472b
to eval uation |i 47 he dr ai ath o
to @d@%& Saeuiel. e, eddicss 1R snestan @i Aidreds sypuation
.&8@4& Jd&ﬁo%cﬁfbdé&%w pmﬁa&&%es #Rd mf tda 16w heltage Wvel.
o evaluation line 4 level shift register
out pihe gatpsalf egidteds eleven ‘trratnsrs«t;ysﬂﬁﬁa ang Ho6b aregalgctrically

ol 5 AR bR B AR AR5l 2R o

add#éf,‘@éle‘?@nhbér%lélbg%ﬁl@isl Sleetriexiy saupled odi gresideBYAddress
e address el even transistor 466a and address

hrwhmaam@ entthe eihent side daeraluatien bfe d66kctihedrainsgurce path

Ofeng{é%s ?!regﬁy é?%&tér%@ﬂa%‘éél&% rl gfssc @1&1 0 TJhee §ddt5 38 dress

liner 47T sh@on4k8lotisarside to tealaatior bhe 456k] Aahllghés\ﬁel Ishift
472g to a |l ow v

regisssh e tpnbHnal SPY PEs T reoisEe o S iPe ORjurns on
oga%,lgé BRVER t?éHsflétRFse?G  8hd QBBB“HS S8 e{/élﬁﬁtléﬁ@r%\nsf's_ﬁﬁ 440k

rarn-source ress twelve transistor
is elhmedrorchy la>h|gb vpltage emaloation sigwat bE)a(ékﬂr ebhe addlr@samven

trafrsistar 4b85 ancimies SxrfpfuEtRpeE 4ok eaneidt oafivepepul
ad‘dr@&& lih& ah.'z&s t6 %Bhﬁ\%@@eqé@eﬁlm dduragd ersenl trarkiddraeeb

on the other side to evaluation line 4761. A high
amcéaédresma‘vlalueé@nﬁfmsmgt A0k songat tseetively Pyl jaddress line

Bl © nal line 4101 turns on address
4#% Xﬁ&?@%b&?g%% and 468b as address eval uation
tr afTBIhé g@fes%f(éddrésé tweled transisyors 4G8aland468igard e}eetrlcally
eval uation signal LEVAL. The addrei_?‘sw\g] ve transist

cargged imahifdesisier uipv signadinerdii o3oWER @GR © o

?&%E% ?\}véf.lvgtﬂal gy §§§a Ié é\@ctﬁzg &6’u eﬁ%ﬁb an%laago address line

he a ress ve tran addr ess

4 @andbhdhe totiverside to eddl0ation hluhu éf? 6L ol ke tiraivispupmd path of
addr ess I|ne 472d

b LA M B IS LB R e
4?%(?5% f@%b%tﬁ%ﬂé %o EQakBtibh Ilﬁégﬁét eA HigH Rivel Shighabister

drai n-source path
output signal SO12 on shift register output S|gnal line 410! turns on address
twelve transistors 468a and 468b as address evaluation transistor 4401 is turned
on by a high voltage level evaluation signal LEVAL. The address twelve
transistor 468a and address evaluation transistor 440l conduct to actively pull
address line 472c to a low voltage level. The address twelve transistor 468b
and address evaluation transistor 440! conduct to actively pull address line 472d
to a low voltage level.

The gates of address thirteen transistors 470a and 470b are electrically
coupled to shift register output signal line 410m. The drain-source path of

address thirteen transistor 470a is electrically coupled on one side to address
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address thirteen transistor 470a is electrically

coupl ed on one side to addressline 472c and on the
wordsnomstle to evaluation |ine 476m The drai nPEDURIES/011723

pat h of address thirteen tragz}si stor 470b is

el ectrically coupled on one de to address |ine 472e

and on the other side to evaluation line 476m A high

| evel shift register output signal SOL3 on shift
linee473¢ end aut thetotbémside td ienaluatiomlinediémnThe dirainssource path

ot aarss e Hrteld: 4 TR aec iR Pufiet R Phe g to address
hﬁ’@h’?@@ anbVPihetREHSHERD cvhfidbn liRYA76n NA AEH SRS shift
thirteen transi stor 470a and address eval uati on

registas petpoit signahSEJddeit shiffyegisteneutpuisignaldingr &5 turms on

adfiass i BrBen P RnR G 4L 0 B BESS plalpl it ansiter

- 440mdyelired achy ddligh poltdgeakyebevalliatien dighal LBVALI OIVhe

vol tage | evel. The shift rg%l ster 402 shifts a si n8
addigss Voirtegg dransister H(Aapd aogress evalvatinndtransistor 44

ol BoEIT Bull SoBRs Ird ey iR fbhTbdyd Rl Fho address
tmmr\sltransm’illi‘é 476beanckaddress |avalnjagpn ltemsistorod40m @ifonduct to
on. cont.yr o ne a series o
a?‘i“&ﬁ?%aﬁuﬁsgg'@s%ﬂ rfw i‘#or@ll%’\’ Ejﬂ% %Ye¢4 to shift the
receiryg ‘%hﬁpﬁafg]ﬁéibr BYD $Rifis™ anﬁﬂé ﬁlbhrv%%gé ‘i’éve‘i%tpdtg"élgnal from

response, t register 402 provid singl e
oneshifgegisderdutpht Slgnablmaséia@a—éﬂﬂmmo thegext slsfiregister output

s QR bogaa0B ShGRoBib dag e B Rl
S|Pﬂgl SBYNCI8A ddﬁ%l MRS 480 @inded s&fed EBtiAing! puts&Yfrb Hrafhg
romtinm ng fgnals T1-T4 and shifts the single high

sn@oalsab*emetoahl thqonﬁceyieglrramtrroﬂ @H«\S@n@t%%hlﬁtreglétgrgl@ar In

reosﬁto {é %\lg E@élségmé% J;gi E@Xﬁ gﬁglp té%é f%)e%ﬁirft register

oapiup eignal STHl or §0135@ﬂl80fr1he\dtld@¢mt régigtey @lutpwﬁlgnals SO1-
| evel s. Shjft regist

S b b oo e Fo SR L 4 B

t
S BRI Tpes Bpht A ShRai T it e gRgleian
voitagqolet/el d)llltput slgnahﬁrgh ord shifieeyistezloudhitfsigna §@1-8013 to the

SRk ST phtu il SIS vith 410oba" S EGintStadtbut

sﬂghél%SS@t‘l %O@Q'p’réwéé@ at Po%voltage fe{8lst ‘Blﬂft‘?égi@ﬁeramﬂ Re8ives a
Signals ~A firing cells 120. The

r@mtleg§e$|egmrtlm|ng\pulse-s;@d |n respcmseatoeeqﬁlbsermdof timing

ob R SR BT atp e Pl SRS oy Yyt
pﬂﬂﬁdé‘gfseﬁéb@ﬁumﬁtthlrt%bhfmgﬁ egitadeclevéDehift register output signals
S01-8S013. Each high voltage level shift register output signal SO1-SO13 turns
on two address transistor pairs 446, 448, ... 470 to provide address signals
~A1, ~A2, ... ~AT7 to firing cells 120. The address signals ~A1, ~A2, ... ~A7 are
provided in thirteen address time slots that correspond to the thirteen shift
register output signals SO1-S013. In another embodiment, shift register 402
can include any suitable number of shift register output signals, such as
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can include any suitable nunber of shift register

out put signals, such asfourteen, to provi de address
wer@sabsss-Al , ~A2, ... ~A7 in any suitabl e nurdBEUSINS/011723

address tinme slots, such as urteen address tine

slots. The shift register 402 receives direction

signals fromdirection circuit 404 through direction

signal lines 408. The direction signals set up the
foirteent tooprovideshddresa gignalshAfl § ~ARgi. stAT imeRy slittablemumber of

i ster 40 be set, t ft th h vol t
a9 bas e Hots SRS PRaoF aAgkss UNF SBTon. from shi f

regi ?ﬁ@ rshﬁ#r‘e@r%teﬁﬁ@ﬂ@écé@s &i@eé’d&infélgﬁﬁg'fﬁin@ﬂlr@éﬁé}%lrcwt 404
si gna 3, 7or in areverse direction, fromshif

thrcetgghadmectmn signaklinpscd0&0Le disestinn signelgi sateip fbawbmctlon of

S o st ot Re 0 s i i EF B n G by BLR pion

vaHheNeoy| &ﬁpuﬁs%riéhn\wfdrﬁlﬂj dievatlons frofri shigtgegisesr output signal
out put signal Al'l ot her shi ft regi ster out

Sex1dtaaghift mstsogytwtélq:n%\ﬁ% of4in adwqr@ptca@@tlp@vgp@ shift

Lol S S92 R Pl s sg! (7o

regi kithe fon/&/@ndtdl&cglmall sﬁ&&egm{ermaﬁ teceiviesrthe Ia:loﬁtrol pulse in

register q si gnal s, SO1 d - SOL rovi ded at
ool g bt Piides 7 Dhevcliacadevs) st (Raisier Butout
SIQH?FSqu'QFoﬁP}%r% ?Ftr%gls%‘rl SRPubE) nQI%CS(d)Q—Qﬁ)@?é %\;@Browded at low

tage | evel shi egl ster output signal
vatdgedekels. ﬁhlfttreglemrskoér receivpaths ngnb&e:n@@lf timisgmulsesdand
SA- SO13. rov'd oW Vol tage vels , .
protiea Pttt ool T Godhel BoinnE Sfarih SKIR, afital piher shit
re?jléiéﬁbuiprﬂlt é@‘m@@S@ﬂ ShEB8OB-SEeNBefovitiel iarid\g vBHAGS fevels. Shift
to and including providing a high voltage |evel shift

| ragigfee 402 recriyes ths aediseses of iming Rulses andhpvisiesta high

v@gqog{eslégéll ik ‘?géls%‘rgﬂ@ﬂ)lﬁ si@la& IS%%L t\ﬁitrPéfP}SH%‘?%h?f{ ré er optput

evel s er pr eve

sighalktS0eg86122andlB8OYISG1Y p&i»wMaBIomsmlfatger Iegelst $h|ﬁ®é?glster
receives the next series of timng pul ses and ¥]| des

40 rontnyeste shufkdne gighisyvel QLBPUta?r'Q'g@HP ff ?Sﬁ%ﬁestpeﬁa series of
tiiePHlIs8s SBAeanadhrEing prURiiEs HigihisugdPBFeift egister
ostput signagB&x 1, wiih2albdthet shift registéreoitputigigoaldiS@tS@H2
i f h | t | f i.ft
piesigleet at o N dlbosdpudas Adel BrohBithe hidlf Sotade R Chit
e}jlﬁﬁﬁbu 3ignlal S@‘ﬁ’, rsﬁlf?fe‘@ﬁsté‘ﬂ 4@23Fédé"\/es$ﬂ’1bfﬁe)d’[ §§h§§ f timing
receives a control pul'se in control signal CSYNC

palses pnd\irdeidles lcmNgmvltage gved Righalsrfeg iall sbift Eﬁgiffjat odfpyhaignals
Siﬂég& Vi%%tn% c?rz) I pulseginsct,o% ro?glg%g‘ CW i pl%gf‘de%qlo start
or initiate shift register 402 shifting in the forward direction series of high voltage
level output signals from shift register output signal SO1 to shift register output
signal SO13.

In the reverse direction, shift register 402 receives a control pulse in
control signal CSYNC and provides a high level shift register output signal
S013. All other shift register output signals SO1-S012 are provided at low
voltage levels. Shift register 402 receives the next series of timing pulses and
provides a high voltage level shift register output signal SO12, with all other shift
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vol tage levels. Shift register 402 receives the next
series of timng pulses and provides a high voltage
wo ewsliomki ft regi ster output signal SOL2, w thrP&l/US2005/011723
ot her shiftregi ster out put s% nals SOL-SOL 1 and SO13
provi ded at | ow vol tage | eve Shift register 402
recei ves the next series of timng pul ses and provides
a high voltage level shift register output signal SOL
register bhtpait lsignate 8 OshB O 1raayl SO48 pmtn|detl eﬂllqmarbﬁage levels.

S iORoLATE foraltrs e ne $o08R AT HOlg BLjseR are Krnuidgsgrhioh

vc‘!lPég{ea%%l éﬂﬁﬁ're@iﬁfé?lﬂutﬁuw@hal'gbﬂ LIPN AR offoreste rég%tb%utput
|mn$5u ses, to and |nclud|ng providing a hig

sigohlsa3@ 1+8Vé0, §Q1f2taflcb§osﬂt3dﬂomdleﬂtﬁt low yolagstavels. thHit

Bheiof 408 cahhess (MG L Pdtac U8 gt Simig rgsponse to

eAtigBeléd bagRingepakeshig to a@@ilﬁﬂlﬁln@pﬁﬂmﬂmgwﬁ?h Vo#hge level
shift register 402 receives the next series o

shiffi registermetpriotignalsS PIwwiB Al ajen Fd |reglstyfﬁa@ut@ﬂgraalg S02-
sehid |5ro'§/%@dsét%w%tit3ﬂ{er &8 ahﬁefw théa‘ﬂ@h‘?%tage level shift

cont ulse’in 'S pro
regfigtet ootput 8ignNah SO 15 Ishift refgisjestlez rédstveshitiet nang seeriet lo€ timing

reverse direction s rle of hl ol out,
pulsga AN RrEYidesiow o @g? ”%S‘u%r@’ &%ﬁ? ra§¢§‘§r ptput signals
SeN-6b 138 A SStREr eéﬁt%ltp@é&maéorﬁ%} grrgnﬁh@sdfw@ﬁpgt%%ed to start

circuit 404 provides two directi si gnal s
odlmtate |sbn°t g@’(at 402 shiftingDs. therrevmseeshrtectmn segaslof hight voltage

o}l AT bom St SRt il s S e St deober et

S@ﬁapSQnr the hi gh vol tage | evel output signal from
shift register 402. The direction circuit 404 receives
a r epbatdinegtiar eiregit 404 prrayides pue dissctiorosionalsi thepugh direction

s@hgf‘l‘me% IS’S T?he que@ﬁgﬁ H Bis Qétrtﬁg ?6%r8/r &%é%ﬁﬁﬂﬁﬂg direction

ei ves control seS n contr ol

incshift rr@gusterm@243tuso Tihe dirgctiohisighald caru bta u‘ls@é tprotedrahs high
forward direction sjgnals.in response to receiving a

veltrae leveloytpet %'snak:’fjr@mrﬁh'ﬁmmst&r 0% ng pul se from
tslhmf ‘t?ﬂe%ln%ﬁﬁbn Eﬁglél?ﬁ@ﬂ@%d\?%éja%;? r'|$o§%% RIS éﬁlnﬁeﬁulses from

regi ster for s I Nng
tiningesignals T3-d6 slhla’ddltroaag dgeetioroairquit 484 pralivesQiorttml pulses in

e T B R T PRI PSR roices

fdrﬂ%ﬂ?ﬂﬁécﬂ& él@ﬁﬁl's\{h '?Qs@r%%ﬁbﬁ@be@lr‘?%?céﬁt‘rél%Lﬂ@é‘&Oh‘Yde'ént with
|mn%epu se fromtim.ng signal he reverse

adrmlegtnu somribningsegnal Hi4. t The tpreeed duectigrosigpaisfsdt shift
gk ROS SPGB 5 e PR e S AT signar
SO 1 edHif Re@iste? iutp 1t Gfgriz SO MR STHE d@etiidcircuit 404 provides
reverse direction signals in response to receiving a control pulse coincident with
a timing pulse from timing signal T6. The reverse direction signals set shift
register 402 for shifting in the reverse direction, from shift register output signal
S013 to shift register output signal SO1. Direction circuit 404 provides direction
signals that clear shift register 402 in response to direction circuit 404 receiving
control pulses coincident with both a timing pulse from timing signal T4 and a
timing pulse from timing signal T6.



10

15

20

25

30

signals that clear shift register 402 in response to
direction circuit 404 receiving control pul ses

weoisaddent with both a timng pulse fromtim POI/EsIH11723

T4 and a timng pul se fromt# mng signal T6.The | ogic
array 406 receives shift regr'ster output signals

SO1- SO13 on shift register output signal lines

410a-410m and timng pulses fromtimng signals T3-T5

on tThe hepic agegl406 reesivé84hifl R&Yyisted odpuit sIgmatseS@dnS@13 on

Stif regrsiat o Sona s & Rt Dra@nciisSamigs 5o g
sngHJau% fr5A ﬁmmvg@gﬁélqm@lsmsw 439 arlP4BS. [ Fe%?boﬁ@é to a single

rovi des two tage | evel address signals out of
hnghe/odiegedew&lmuaw mgrg:ﬂm the-giift regiatgr output-signalgig§1-SO13

and B BuiaeS ot i afnbent P9 el aire? A ¥Poles two

lol ol gl Ieelddiresd sigibls dilteofenalseaén addrdsgragnals RA14LA2, .
to a l'ow voltage |evel and turn off address eval uation

~RAYansi stors 440. Al so, the timng pulse fromtimng

si gn bgTﬁ?'geSEIW 631%%%%3 Oalr e 6&3@?1%%?9@@99%‘9% T3 that

vol t roug es
tufrrﬁélbﬁiesbmeﬁloﬁiiﬂevémtlomﬁammd I4¢tEatto puli¢hé evalogtipn Is&ﬁlal line

4% grn,athi)mv%agg %\@I a%g tlylgsp rfg glpa e t %n,ttﬁréf‘gﬂs‘;’[o?s 4E§ Also,
th%?tﬁfﬁéﬁ;&gsé frof BRINPSi gﬁ geT3 %Hﬁlég%stélfo?é%llﬁégjﬁﬁﬁé 4708 %0 high

e transi stor timng pulse from
véltagenigveisghedugiviaddress Ima peemhame ’manspstevsaﬂaﬁ&% .on one
Si st 4420 t ul | t j | i 4
oSBT o Pl G Y PR Bl i g
p&léé'?ﬁjnﬁttlﬁﬁﬁg @fqﬁal Theao %hb dge H8@He8E Gihe® '41725147§99166Hl%h voltage

settle to vali output signals during t
letvelsl ﬂ190lptgh e@drfensaﬂmeunﬁew@amaﬁﬁan&wrs A38i ngl e high

oot phE g puE o B A8 o T4 e b bvREREh Brevgntion
trafsisfii4ass tbansvaleitiopaignal4ibe 4748t a low thgewlek/egam turn
array 406. A timng pulse fromtimng nal

T5
o I@ﬁ’ldg%iﬁ evaiuatian tnamlﬁtﬁr%ﬂ@ﬂaﬁ heisht EuiSte otaw gignals SO1-

|t
SYP 280 Yl S SSHSER SNARIAIAS o ping il T
Awmglédngiedohnge mvehdmtpesagnablnsthetsdnrft registeddeiputidignals SO1-
ic ar

Spiia aguovieeaio e Setes A adcTss fans sl a4 2 " 470
SR} 408, % S S e RS BRl 9 At B atton
sigohl ke 464vta larmgiglqokbagﬂjlwel togtusnl an esisiressaeialgation pansistors
4&6 6As address evaluatlon Qran3|s9org %IO' a1¢ turned on, an address transistor
pair 446, 448, ... or 470 in logic array 406 that receive the high voltage level
shift register output signal SO1-SO13 conduct to discharge the corresponding
address lines 472. The corresponding address lines 472 are actively pulled low
through conducting address transistor pairs 446, 448, ... 470 and a conducting
address evaluation transistor 440. The other address lines 472 remain charged
to a high voltage level.

The logic array 406 provides two low voitage level address signals out of

the seven address signals ~A1, ~A2, ... ~A7 in each address time slot. If shift
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15

addr ess eval uation transi stor

lines 472 remain charged to a high voltage |evel.

wo o@sa0sss ay 406 provides two

signals out of the seven addggss signals ~Al ,

. ~A7 in each address tine
out put si gnal

SOL is at a high voltage | evel,
one transistors 446a and 446b conduct to pull

440. The ot her address

The

| ow vol t age | evePCHUSI065611723
~A2.

If shiftregister

addr ess
addr ess

| ot .

reégistes ouffd signal HQbist ai 4 bighwolltaggdevalyaddreas dnpritarisiidors

A3 AR AL

fa8a%ssdhed UWtoa S0 4008 1 o wortage

|e%1¥&$& pfoVdé B Rwa8dre48aigHks 4A8 arkpRARCIf SHft Pedister
addr ess I i nes 472a and 472c to | ow voltage |evels and

Opmw signah&Q2/ atenhighatoliage devphaaddrepg twg aanA@torsf448a and

ifedBRD

ranS|s

433 Sbniigel Bl QUtBU |

i

ors

47253 iy Vlde? By

pmudmlabtnmdmeaddﬂessmgrﬂa]s’iaAarahdMRd tfsHifo vegister @gﬂaut 8|gnal
| evel s and provi dj ‘Zajtiﬂé/{! | ow address signals ~Al
e3¢ &

SO¥is afrihigh Voiags

ress

B threg dragsistors i ard éﬁQIP Sonduet

trme

tfé@hg'g?’%ﬁﬁlm?ﬁ%ﬁﬁaﬁiﬂ% ow &dltagegtégc?ls \%r}dc%r%znofeoéctlve low

addrrass|sigreals o-Athand hAHE andngsmefbr eath LshifSﬁe@iﬁaesommt signal

set, ,out i.n the foI

SRS EnThe RSS2t 500

e

a7 38 ot

add %%'tﬁne Abts, Wl'ﬁ%h correlatéfo ﬂfé sIﬂﬁQ@gi@ferthtb@lteﬁQnals SO1-

address tine S ots as set out

SQHIR, earal 3as out in henfellowingdablesnt s,

in | owi ng

the Ioglc array 406

can include address transistors that provi de any

sui t abl e nunber of

| ow vol tage | evel

address signals

AdBdess Tifb Slot- ~A7 for each R
signal SO1-SO13 and in any si

| Adtivedddiess kigmals out put

itabhle sequence of |l ow

1voltage IeveI addr ess S|gnals

~Axtt and ~AP ~A7. This

Scan be—done—by,—for—exanpte;

each transistor pair 446, 448§,

R OB 30 di acnar oo

di schar ge

3any two desired address |ineg
other enbodinments logic arr

GNPangd~A4 addition, in

y 406 can incl ude any

4SU|tabI e nunber of address i

n‘e%1 86dprévi de any

DUI L aUI T IIUIIUCI UI aUUI CToO bl
5 .
nunber of address ti meslots.

R BR aon " repoat  ng

gseries of six timng pulses i
signals T1-T6. Fach of the tj

s../mgﬁudmfromtl m ng

mng signals T1-T6

7provides one timng pulse in

aBdriASs of six timng

8pul ses—Tthe—timngpulse—fror
foll owed by the timng pulse |f

FATRRT e TS

of olTowed by the timng ~A2 and ~A5
10 ~A2 and ~A6
11 ~A2 and ~A7
12 ~A3 and ~A4
13 ~A3 and ~A5

In another embodiment, logic array 406 can provide active address

signals ~A1, ~A2, ...
following table:

~A7 for each of thirteen address time slots as set out in the




pul se fromtimng signal T3, followed by the tim ng

pul se fromtimng signal T4, followed by the timng
w@mosaofssdom ti m ng signal T5, which is foll oweBCbySioh®011723

timng pulse fromtimng signal T6. The series of six

timng pulses is repeated i #°the repeating series of

six timng pulses.In one series of the six timng

pul ses, direction circuit 404 receives a timng pulse

Addrese Mime ®ots! gnal T3 1 n foul Abtiys gdghggsmmlgnal

RE4. The timng pulse in fourth pre-c

1 PRE4 charges a first one of hé1cﬁr}det/l\3on lines 408 to

a—htgh—vottage—tevet—The Chpcuit— 404
d J 4 SAL
2 ¢ ecei Al
recei ves a reduced voltage | eve m'ng pul se from

gtimng signal T4 in fourth eyapdadrnidorAsi gnal EVAL4. |f
direction circuit 404 receives a control pulse in

4 control signal CSYNC coi nci d=ﬁA1vﬁrtd1~'f\§t the sanme time

Ac)

5 @S) the—foturth—evatuation—si J"ﬂ\?ég) Rq diTeCtTON
circuit 404 discharges the firs |rect|on line 408.

g If direction 404 receives a |en2vid 448 | evel control
signal CSYNC caoincident with{the timng pulse in the

7fourth eval uation signal EVAl2A2and +ABst direction

H-re—408—temains—charged—to a_t Uhtage tevet:
8 Next, direction circuit 404 | eéezgé\/hed,s }ytl m ng pul se

gfromtimng signal T5 in thirdAgandhAabge signal PRES.
The tining pulse in third pre-charge signal PRE3

1&harges a second one of the i~A8aNbNABi nes 408. The

dir

1U|||Cut; oh—eitreutt—404—recerve %_I%,F Iﬁl:! o VUitdgE evel
1tlmng pul se fromtimng signa fo‘ In third eval uation

1Bignal EVAL3. Tf the directi OR A g§r¢dJ+~A6404 receives a
control pulse in control signal CSYNC coincident with

13 timing pulse in third eval ua‘ﬁ%ﬂ%t@ﬁal EVAL3,

dir

gi-reetioen—ctreut—404—dischatges the—second direction
line 408 to a |ow voltage level. If direction circuit

404 pReCINVEHerchbydinbh@dthd Bk atani06lcaniintiade QBNNGS
coincident with the timng puise in third eval @tl
transjsigrs thakpsovide any stsablediuraken effow; yaliagedeyel dess signals

~EHaLREd LA Rh J8fad ) Ye‘%‘)ei 1 obifout 8farbl S8t 5013 and n

ion. I I'SC owvo

aﬂryﬁylﬁlkatﬂé deyhenceoblow wblta@etlemei éddnesﬁ@@naksn%h?/bz .a~AT7.
h vol tage | evel th

Thle donoaiftp b6 by ol EXAEDIR PGP iRIE PRI S FahSivgs Pair
4%6’ AH T U 470 0N %rga&g@fa?‘. QM)ed“és'lr%B adofreéshﬁhéé 6Bia-g
rectlonllneﬁ P,

ns at a high voltage Ievel and
t he de@dditiodi recthieoenibiodéments, lc@masrahdﬂge:t&mtlocladecany

S NS B S bRs A3 SRt g aEREh ] e
signals in any suitable number of address timeslots.

In operation, a repeating series of six timing pulses is provided from
timing signals T1-T6. Each of the timing signals T1-T6 provides one timing
pulse in each series of six timing pulses. The timing pulse from timing signal T1
is followed by the timing pulse from timing signal T2, followed by the timing
pulse from timing signal T3, followed by the timing pulse from timing signal T4,
followed by the timing pulse from timing signal T5, which is followed by the
timing pulse from timing signal T6. The series of six timing pulses is repeated in

the repeating series of six timing pulses.
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direction. If both the first and second direction

lines 408 are discharged to | ow voltage levels, shift
WO e@s580855 402 i s prevented from provi di ng a hiBgT/US2005/011723

vol tage |l evel shift register output signal SOL-SO13.

The direction signals on dir#ttion lines 408 are set

during each series of six timng pul ses. To begin, the

direction is set in one series of- six timng pul ses

and [phorid sétes Gt me g Bmig poistsadiesction diftaitreddt reseivieesn

_of sixtimng ses. To.initjate shift rel?’&);% %
tirgifgr pUlp@ fiosn mlrzmglgnabEw@Eo%h prerehprgasiana Fhd-i ke diming
@bt fouttpidRohorh sidhel FRI2Y SRafiedPhiref g of the Birection fines
408 to armgrgeeltage Ienébr'ﬁlaé directéon ciraaicADdbfedehesst anreduped voltage

sl yrpingddiSe BoriBind sonobEe it iR oo upLa. 1
dlt‘édﬁdﬁ%lwﬁ&ﬁ)ﬂj Fe‘é;@]v‘é%'ﬁ %t%l@u@’ée ihZcdritrol éTgWal EBHN@CbRitident

si gnal a control pulse in control signal
wmsth§aree émeeas)tipe é@mmh ev&lgiab@r@ signap EYéildc diresation circuit

ol behagls Felltaftohtine e, £ 1ReRH 204 Fodies = lowe

vcﬂfag‘érl@vé’lf cdri®l sljnal eYNDichindidkgit iy theelrhingtpulsy pvhdefourth
[Tow volta?e | evel at the discharged i nternal node.

e\raluamn signal BVALAgthg firebyiestiosHined0& reraainswhasgedtsea high

I i ncident with the timng pulse in first
Véé%lg% l§¥|8|0n signal EVAL1 , the internal node in each of

t hle Neit, ltdaen’lusrlﬂ clrtuit 404 séesiveseh ltisning paisesrarn tmnlhggshgnal T5in
vol tage | eve ter 40 es a

thyl B ahasee S1SRah g RE Gy e FETie: PUBEUR AN Bresadigs ignal PRES
Slrgeel %«g@d Jﬁ@oﬁh@dﬁ%oﬂlﬂh%ﬁek aosecrcwédd.%&roﬁwoaﬁ 404

nal pre-charges each of the thirteen shif
reoegnestaerednmdutolﬁagaéevel1|Oangp0iaetfoorprtm|nge§|gﬂaj H6 i |n third

#51 sgralEvAlg, 1t bEGidon Yol aod Tifvdaa Taavii puise i

cér‘ntFBl i ISy NCHBihdigbmavish 8Rmhind pulde HEBRE@valuation signal
eval uation signal EVAL2. If the Internal node in a

EVAILS; direglien elrcwfe41®4 disghargesttha seeand direglien ling 408 to a low

ch e r

vl BeE R ErebRAEL il iR € oy Horfits 6081 Gt Boma
CSYN @ 2birpidetit gvith theMitihg.pulde Int third @valuatiodGlgmaiEAlL3)the

the shift_ register output si gnal SOL-SO13 at the high
seeAnchgieedtiondine 448 ferBaingbAFIad iouR Bighvaitags; leyel.

r egi I [

| - alf15 S cireiicn tife 30T Bl ed B3Iy Yatage2tet) A the
sdéhdidisedtindise 408 resrharhs atagmgh aoltage pvel lthasignal levels on

thiTatend pgrand dBestanes 4 séfih shGgebiendod B M the
fdrivhtd 8ir8&idM FR%e ARkt Hﬁécﬁ’cfn €408 remains at a high voltage level
and the second direction line 408 is discharged to a low voltage level, the signal
levels on direction lines 408 set up shift register 402 to shift in the reverse
direction. If both the first and second direction lines 408 are discharged to low
voltage levels, shift register 402 is prevented from providing a high voltage level
shift register output signal SO1-SO13. The direction signals on direction lines

408 are set during each series of six timing pulses.
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six timng pul ses. The shift register output signals
SO1- SO13 becone valid during the timng pulse from
W0 20v5ngs4ss gnal T4 in second eval uation sighal BEVEUS20a51011723
remain valid until the ti m'ng pul se fromtimng signal
T3 in the next series of six"timng pulses. In each
subsequent series of the six timng pul ses,
shiftregi ster 402 shifts the high voltage | evel shift
regi $b¢feg¢mttbeﬂd|rebgomis s¥Pin 56& Sefiesrof gbetiraimgl pulses and shift
i st cel.l 4 oth next shift register cell
repiler 452 4S Ritatsd Fole Lot paes Mg hles: 56 mtieiganit
I fp
f é%éf‘%é%%?ﬁfé%%eﬁg%ﬁés%?%ﬁ"ﬂﬁ% puls@fior ARy yighaI T1 i
fmst presbharge agmlel%@ Ni Addwe timingapidse i first pfe-abangessignal PRE1
| uation t ans rs
iy DENGLIHD 4 oghpiNGeBR AT Melhtg e, fngioatec
atl#0324b8rM) Thé shRidiegisercAt teteives 4 f@jlﬁjeﬁtMt%ﬁé%eifﬁi%mg
a tlmn% pul se fromtimng sighal T4 to pre-c
palgarfenss timing sighd T2|ip dirst eyal Iom@wwd-:é( leih, tfraecqntfﬁl iglse in

: I
o1 Sia T B YGIR B8 b SpiPrdfiifr 802 cBREIRSE vt the timing
p&lbg ﬁr&llflﬁst&?éhﬁﬁba sigiiélIE/Alm whiift cegistef 402 e@cﬁaegeﬂhi‘epntemal
ghal s register 40 |s |n|

ne#fE obAne O fagy TRERN BUTBUSKTGIS (SPI0YER S PeralRgedeval o
ol SEGNALASRRHode Pl Bl Sghe BARFCT R A b

Logi c array ecei ves the timng pu
vcbltage levei ¢rgn6|dgntaw|tﬁ5he tmirigapgleed arsiavamtlsngr@nal IE\M@U

474 and turn. on address, eval u on.t.ransj st or 440,
theGaIEa! ot et ORI GiREN ShibFEUiSteR B0 tethaine ot aigh
Vél%% g8l t he high vol tage |evel shi ft regi ster output

signal SO1-SOL3 are turned on to pull two of the seven

addr 8b#t 1agister 402 seceives a imingvpulset fagd tinaingisignal 8 inwecond

pepéhatBelgdital PER, T FiRa I i sesbn Bttt g e et BRE2
p@ﬁhér’géb %cﬁ&iﬂthé thigeon Bﬁlfﬂ‘ |@g|saé|t owiplit hmes 4° ﬁﬁa—addfrﬁﬁsprowde
gnal's ~Al ~A2 cone_valid durin

PG HORgIpIPeal Shifb cisthr AP §1BaRSIBOrSON it egiplgr 402
I f t
A8 4 B Y ol 1 T ficond
evidldation signal EMAL2t dﬂthealhterabi ridde iea shidtrregistgrutelll 40%eis at a
re di schar ed to provide. | ow Vi?@ alge lLevel shift

ovepIBcE: ISGE StioH g gier Soehing hs Confial e UM seyarol sign
cgs’zg&ﬁg ggwgieqtﬁg%@ghggtbrﬁmg?@%ém@{ évaf?ﬁ%tlor?%ngl EVARS, shift
r@isieeégz Inaietaindg ther shitiiregistes ogiérlittsignal SO SO ?gat the high
vq)]lf a@gp{_ Iégm AISEPRod M3 SRitl Rbister 681 403 is aty highVoltage
level, such as in all other shift register cells 403, shift register 402 discharges
the shift register output line 410a-410m to provide low voltage level shift register
output signals SO1-SO13. The shift register 402 is initiated in one series of the
six timing pulses. The shift register output signals SO1-S0O13 become valid
during the timing pulse from timing signal T4 in second evaluation signal EVAL2
and remain valid until the timing pulse from timing signal T3 in the next series of

six timing pulses. In each subsequent series of the six timing pulses, shift
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| evel address signals ~Al , ~A2, ... ~A7 prevent
firing cells 120 and firing cell subgroups from bei ng
wepabliesdss or activation. Wiile Figure 9 describepuswes/ 011723
enbodi nent of an address circuit, other enbodi nents
~enmploying different |ogic el #ents and conmponent s may
be utilized. For exanple, a controller that receives
t he above described inputsignals, e.g. signal T1-T6

reyisiet he2 spifevthdetgiadditass evebsiaitsegidler.outgdt signal S@T-SO13
may be utilized. FI%@TE 10A is a_dia ramlllustratlng
fr@"rﬁ]é)%%ﬁlf"ft regigter el 403 fo theext ﬁhmegtstere@e k4@3. 402.

Shi f
ol | InETEIE itav tddehiedife i feefilePShinlt bBARR $O1-5013.
Inr@ge etrﬂuodamtepﬂﬂogc gmaly A080ec8VEs the&dinting bufse frargitstiag signal
I 1 403 i de f th ft i St .
TS5 pir-chpisrerddres ingen 78 Bdus off diress eI ransiptors
4‘@31%1 BA8 Briisodimdht %%k%n%ﬂl' 406 fé%ﬁi\ﬁetseche‘ii%lhg 43@1% fra_r‘hetlmlng

irteen shift register célls 403 are electricall
signabT 8o furngdt address epalbiatign tramsistersi4tnandha tmnme from

Pl §BEE 3855 et sg 0B 4287e rumber of shi f

regi Eb@lb H ey 406 SsteivesntheindifgPpilises irbiratir mgnsigingl Tofo turn off
shift (']I ster output S|(gnal s, The shift register cell

ad@@asm@ o8 tpansistals 44Gge Shﬁbﬁegi%e%\wtphbﬁengk%@ -S0O13
s#tﬂg tt8 %\ﬁg ﬁmff g@épg&gb’t QI?ﬁgIEE%?Q%O ‘?‘? h I%&@ﬁ g%ﬂlgteﬁ gggels

m&taté@%neThlelﬁfregfstemLawt ﬁ@@?hsmnmﬁ aerhamtatm Ielghamgltage
transi st or. 504, rst.eval yati ansi st or

VG Asnher i b TS Gl 2 ol S8R Ay 405 recelves the

tl%f@@h@%‘?hlﬁ Jtlpmn§l ﬁﬁﬁ%\WS‘i‘o Shakfd &Paludf cﬂ{"§|gﬁépﬁne54?4 and turn

a reverse direct transi stor 514. The sécond st age
ob@Adrerd exidsatiorstEansistop Aéehzi’rl‘@eaddraas trensist@ 1&ir @46 448, .

TS TeFAPbEIS R Bt T 8 IR aRO L SR sBfiSors
afRirsédenab guh ewdlctithe SOVEFT Qd@@sb Imiasf4l7|2§t47TngetOCIBW \@fitage
transi stor, is electrically coupled to timng

Ieyie@n al'he fwie loyg yoltagrelevphaddress gignals inrddress Ql%lﬁi&j’em ~A2,

-orBr e 580% shabie il eeils [A5id find g SogidydS for activation.

THe aidaresyisigralgatAn , 0fAZ, i) siA7bectnae galid darsg fheotimitipilse
electrically coup Ied to one side of the draln sour.ce

freE Hmistg $indk TR aBe GamPBTVAIGHRY dhe fimins pulsa fra tiupe signal
T RERRLerR o BRIER S0, oL Lo e

i nt elfrshiift register 402 is not initiated, all shift register output lines 410 are
discharged to provide low voltage level shift register output signals SO1-SO13.
The low voltage level shift register output signals SO1-SO13 turns off address
transistor pairs 446, 448, ... 470 and address lines 472 remain charged to
provide high voltage level address signals ~A1, ~A2, ... ~A7. The high voltage
level address signals ~A1, ~A2, ... ~A7 prevent firing cells 120 and firing cell
subgroups from being enabled for activation.

While Figure 9 describes one embodiment of an address circuit, other

embodiments employing different logic elements and components may be

utilized. For example, a controller that receives the above described input
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node signal SN1 between stages 500 and 502 to the gate

of internal node transistor 520. The gate of first
we@buei4sdn transi stor 506 is electrically couptBUS1005/011723
- first evaluation signal line 420. The first evaluation

signal line 420 provides the*?educed vol tage |evel T2

timng signal to shift register 402 as first

eval uation signal EVAL1. The other side of the
sighalsNe g vigral FatT6 ahdfthatgiroeidet wridresy signalsstAr, oK% .i.s-A7

electrlcally coupled to one side of the drain-source
ma(the hilizedr war d i nput transistor 508 and one side of

t he [

b oLigTs AR EfoiRdtaln Blys rElEG Do it tediERrpLFQSa i Ehi
regjisten4 82.u Shift p&glﬁeoﬂOE imclzdes thinbesn shiftregistercelio8l03a-403m

I d f
tngkProvis Tos thieete fl bRt dha ugtns S0 0 B o BHER Shirt
rdgte PEOPA0SH 40 3R gﬁdw&r GBI SHift p@é.@te@fougﬁn%ﬁmls SO1-

I"nput transistor is electrically coupled to one
S@H@eam:f eatle shiftaiegistercalled (G- 40 is §U@ﬂafé0@hlféfﬁgl$iﬁr cell 403a.

bR e A BT AT SRR EoRP Sl o prvice

sﬁﬂﬁ‘@ﬁh&h@ﬁo@ﬂa‘l’d@n@l relveser dhﬁédtleSCWDthﬂi d‘nﬁb@dlments shift
ref erence, such ground, at The gate of th

repistaafe2 @?ﬂé@@'“éﬁ aﬂvaﬁwgael@d?ureh@r q>fsShéﬂt é%ﬂ'?‘ieé &?ll§/403 to
H]% gl%/ éﬂlt%l HuhigKt df sﬂﬁbde%@# Hﬁ‘ltp ﬁb}ées the

rvvar |rec i on signal romd ctlon circuit
404 Theehifategyister Cdﬂlb4®3ae‘rchﬂde$l a ﬁrstlstngd thab s an mpu!ﬁﬂsﬂage

in:d'sg@zéq? gét%{q%r{eé\)&%ggﬁ%pe@p I@igegobﬁgqtlag &ﬁif@ 8mou?put stage,
m@'ic,ra?&ﬁ With cfésrh%EIJFneéoﬁ 500N THEEASE SRR !ﬁf(ﬁﬂl%lu%‘%% a ﬁr@?pre-

te and one si the drai n-source path of second
cmmgedransrﬁot bahsa firshevailatian dragisiston 9@y 1d fprwaighingdt transistor
nal .l.ine.434., The tin si.anal | i
508 5 Tehets Mt fBRistcl 518 A gl hred gl 512 and o
rei/%?éﬁ‘alréétﬁ)rpﬂaﬁﬁﬁo‘ﬁ i59 ﬂa|Th%%oantﬁtaQé Bep intldeedh sebend pre-
drai n-source path of second pre- char%g transi stor 516

chargelteansistonb 1§, @ saperdieyajuatien yapeister X18cand an idemnat aode
trg@%h@;f econd evaluation transistor 518 and to shift
P é output |ine 410a. The other side of the

dr ai i $eUireestagklb0w, tisegatecarel ahe 8tdeosf theatnannsswrcé path of
is electrically co si de, of

fikgt RrerchaigecEansiser 8B4 e iRy SaublePiRdraing signs ligg 432.
T A g opERE UAGHIR RDSh i i o s s
pmzéhar@ewlgwald%REme Thechtbedside of the drain-source path of first pre-
charge transistor 504 is electrically coupled to one side of the drain-source path
of first evaluation transistor 506 and the gate of internal node transistor 520
through internal node 522. The internal node 522 provides shift register internal
node signal SN1 between stages 500 and 502 to the gate of internal node
transistor 520.

The gate of first evaluation transistor 506 is electrically coupled to first
evaluation signal line 420. The first evaluation signal line 420 provides the
reduced voltage level T2 timing signal to shift register 402 as first evaluation

signal EVAL1. The other side of the drain-source path of first evaluation
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voltage level T4 timng signal to shift register 402
as second eval uation signal EVAL2. The gate of
WO paosnobs node transi stor 520 is electrically POUphb®ds/011723
to internal node 522 and the gt her side of the
drai n-source path of i nt er naf® node transistor 520 is
electrically coupled to a reference, such as ground,
at 534. The gate of the internal node transistor 520
trEnsiBtuié@Gaismdealmmed &86n¢é sidestfdhe nigainksouste path of

t I t d . Th 'f
rorBard it SEsistereihany PRE kol P ftalssolres At bl ivesse
r@htﬁ%ﬁsfsﬁfr@i%r@@gﬁ el pathrsmi st er out put si gnal
shift register cell 403a-403min the series

of tRhetcdlaer sidefof theedrain-sputcs paﬁhméorvwrdnmnutetrarts@tor 508 is

oIy BB 151 9838 1 DR RbE A S G decton
trafSistot B3P atsH28 @mﬁrtheaﬂher gigelpf #d diairi-86ueerpathlof révigse

430 or one of the shift regi ster output |ines
inpyd ansistortd! &ig; glectrigaliyeoyripdita an@isidecefitha draiResqyiee path of

reerd L RIrk & ﬁsﬂggfcﬁgh uoft 5oAnfl S hdin- éggrdggoeﬁﬁg gf fJ}Walt[ld

reglrster c mis electrical
dmea:ttomiralhslamréﬂa ad everss ditdatiophrdrisistegd $4 are elecfridally
410b-410mto shift in thfﬁéﬁverse di rection. The

caifle 19 agrlaBPos s S o B o€’ S 36 ar e
el eCtl'hb“g@té Yf GRHIrRErd @Iré&'i%nftpéﬂﬁétgr 5 2"§é}%'bﬂfcaﬁ9%oaﬁ|@d to

one reverse transistor 510, except for shif regi ster
disectisu ling 408& thatrresememaweaimwambﬂwe@mnfsugm@g])lﬁFefrom direction

Rl sBate o7 s ENBr wfecbl taifunbs 5P B Bkl

cE@pled 46 Jirechivtt [INGUOBD e EEEivES tRS fev@ﬂsé trestici SignalidIRR
Shift register output signal line 410mis electrically

fregugiregtionciecuited4: se direction transistor 510 in shift

tr and Bt Stibe 582 (@Yot Y P 352, bftlin-sgurce path
of $ecsinolsﬂmat¢hargg|t|$mrstc4rtﬁ?l 8 arg daiectreallyesombleﬂ Ho titrdreg signal line
4%%@ G <@l dine 4% s BTo8 Al Ao Sk fegister 402 as
sécf ect | A ?@Q%I thI Ei ‘TﬁE'o‘iIﬁ si@&'ok tfﬂ-?&l%n‘n ﬁggrcte J)ath of

tO contro S|gna I ne
seEvw pre- clmgedrarﬁlsjwamajswllemr‘taw seupled tsonétside of the drain-

re es t te t,he farward .
ottt oh Speent Sunlbefon HERRbRE SR S too U regete cltput e
416481 Therothel Sile df imeddifsolirce Bfthiof 8e8bhd bvalkatish WanSIstor

out put signal SOL . The third shift register cell

51&d8 a@@b'lqaﬁw cgpleddp angeside ofthaidiaipgeutcedrath of drternal node
RSB SR DA oo A BB AR
eleettidally goupledrtedegbad evaldatiéA3iynal line 424 to provide the reduced
voltage level T4 timing signal to shift register 402 as second evaluation signal
EVAL2. The gate of internal node transistor 520 is electrically coupled to
internal node 522 and the other side of the drain-source path of internal node
transistor 520 is electrically coupled to a reference, such as ground, at 534. The
gate of the internal node transistor 520 includes a capacitance at 536 for storing
the shift register cell internal node signal SN1. The shift register output signal
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i ncludes the gate of the forward input transistor
electrically coupled to shift register output |ine
Wd 1®6/105355 ecei ve shift register output signhal BOBUSHN&011723
fifth shift register cell 403e includes the gate of
the forward input transist or*%el ectri cal | y coupled to
shift register output line 410d to receive shift
regi ster output signal SO4. The sixth shift register
lineed 10l Pidfudescd vaescitdmee g H&8dor stoeingdhaashidt iegfsier output
transi ?tor electrically coupled to shift register
S'@'ﬂﬁ[ﬁ@ line 41Ce to receive shift register output
Si gn@écﬁgﬁlft rép térec‘,@?lrﬂdBasﬁlﬁ)élh ih ¥ SEAEs 6flHirteen shift register

403gi ncl e gate of forward I nput transi stor
cells el iscaimilgr toshpft cegisier @BII f403ﬁeg3' het gate @i e forward direction

waiysgrion S0 Bapa et woiier v B bBs Mt T tunlgtf o the
cdrﬂﬁ)l ﬁ.ﬁémodoﬁ SHEUGT theaht FddgisteEbatut lines hyogqupl ftﬁsﬁlﬁ in the
shift regll ster output line 410y to receive shif

forwaidsdiegction: plhe ga@reﬂthemverw@lrﬁp‘ﬁ@rhtr@ﬁﬁlﬁtorrﬁ@ igtegch shift

oGk PSS R Ao Y B30 rcne o

th@tﬁrﬁf@tegls’l@e ofifiiht lihes r4&0b+4r|e§)n$ ko éhlftrlaglnstesferwﬁpectlon The

| . Th h f | |
Sk paiatey QUSR] Inos A rase R il ROUeEh & Qi forward
trﬁrﬁ%lé“troi g@rgledgéil @%%\Efsé RafAsisidr 5199bRE&S f8|“§t|ﬂﬁtr%é%ﬂﬁ output

t register output signal
sighaMesh K and |4ég|rnst&lmftcregistetmputr&tgmmlélﬁet%@agateéeaiﬂcally

e 8 S e R VR R ST BB Bt ot
re"\/éﬁéeséli?éctﬁiﬁﬂ?éﬁs@tb%@b gmf@regzﬁér buput slynahiihé 410m is

regi ster cell 4031 includes t ate of the forward
elenfrigally panslegttgra reveeaer dicegtion ttﬁ)’liﬁﬂﬁt@ﬂ5i @ insshiftregister cell 403,

oot Rt edpiFardgiler RBey CCnt h°hi 11 register

cel | THE Sl rRYisidesell HG3 DRt thedirstt it f@jls\t@r dOBrllm)the series of
transistor electrically coupled to shi i ster

thistaqsuehifs rﬁglszargﬁO@oasf S ogBan 402 St} & 1 TaWgyGhdirection.
Tﬁ‘lﬁ%%?éregl i r eff’ré%gfo‘?%@%tﬁrshﬁ? |§Qﬁée|L§o:§ée1§nélééﬁlcally

In the serl
capléd to egnistlesigralline mmcehefaontregsgnak C8YNGhiThesecond
of rever i nput

h di
ShifaRGRrHIG HEGRER e agisetRe JafrariGAsiinsdie!
eI%l::ﬁfHa‘ili/ ‘E:Bhbbédqe %‘lf?%g‘ié‘teF B6tpRit ﬁﬁ@ 4h04 t8 Réddive §l§|'ft~°1’e? fster

to receive' shift register outpu
osnpgh aignSDSO1ThElQ;thlrfdt shit gegister ceﬁ K03 iptudestheqgafetaiéhe

fegap Giput Bkl SefiERllcdiflT 1b i BaBH: 4 Rt e 4100 to
re%@i\fé sHiRGbgaIr BRIl SED. $RB folllie shlf rfeg_ust@grtamsd
cell 403c 1ncludes the gate of the reverse i np

mpm. thegate pétirterfowawdjmeubwe@st% elaqtrigal la/@gwuei@k to shift
reoglligtg%utput line 410c to receive shift register output signal SO3. The fifth

shift register cell 403e includes the gate of the forward input transistor
electrically coupled to shift register output line 410d to receive shift register
output signal SO4. The sixth shift register cell 403f includes the gate of the
forward input transistor electrically coupled to shift register output line 410e to
receive shift register output signal SO5. The seventh shift register cell 403g
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l'ine 410d to receive shift register output signal SH.
The shift register cell 403d includes the gate of the
WO eo8nerss nput transistor electrically coupl edp€DUSIO0$/011723
regi ster output |ine 410e to4§eceive shift register
out put signal SC6. The shift Tegister cell 403e
i ncludes the gate of the reverse input transistor
el ectrically coupled to shift register output line
intlofest thergateiof éhas farivard mt&trensxsturrﬂlnectﬂcgjwad:om torsleift

reiviet ouilIhE 4 B retille YR epbRRdp B $08° Thereiantn

shifGegistér Gl 408h InchRicd%A8 date bERRI feRvEI |F|Fuf RIhSERF
output signal SO7. The shift register ce

eiamwwoum@ct;@t@lﬁreglﬁ@r estpiitdise i g tDrraﬂ%INSngrﬁ register

o s 56t -« SHE ity SPrtfte! 681l A0F oy g R grane
fatatd inpegitisnsistoredibctfiodiy caqilade@shifteregwt@’ ®itptihkne 410h to
reverse_input transistor electrically coupled to shift

receiyesslift regisiRITOUtPHESIAN? S©B. Thedenld @Nﬂﬁ?glﬁ@j.@!léﬂ&
m‘E:HIq@é hé'g?!ﬁé'of ﬁ%)forwg ﬁl";‘)'ui {rahgg’co?te?éctﬁféll led to shift

I'nc reverse 1 nput
regigtet putpalt Illyedd@ptcecécew&séhlﬁt Wegle’@rmqsutmgrraltS(DQ néhe
ter, out

ol Bhi eI A R AL TS By I STt rieistor
ele@¥RIaN9 dolpléd forswﬁ 'réélé’t%r eLBRtlihe ahbytcpf&atv%dsmﬁ ré@sf‘etr

register out1put line 410k to receive sh regi ste
ouipup signeil §AX10. Stie 1welﬂth§h§hrergjsteeg¢lb4@3l ln@udeattiwgate of the

o P e BB B AL fed By bR bt RRleBl e 410k to

retkiie $Hiftregieterco un‘él%mags@ﬂ € Taetthidechtrosiakt r§§1h?er cENe403m
shift register ce i ncl udes the gate of

inchipesdbe gfte of thatesvatbinpet Bapsiptoalelsctieally cwpdezﬁ tohshift

rogffief Pt thp gl I RrehRIRHiR rediEth St sldnet S5 ©'
[ IncI iﬁ?eshﬁfhseggitﬁecell 4?2& (lzsg ﬁreelast&shlihm;gilste:rﬁgﬂ ﬁgdlt‘l (t)he series of
tiealt Shrsa ol dihd SR Sistar A% wfts fetheevpize
dﬂrécﬁﬁﬁw %H&@aeelo@@vars% |ﬁF§Ptr§r'1§§HoF sq@hhghﬁ@g@s@& &én 403ais

l ogic array 406 hift register 402 rece a cont
eleatrivally coupledriol theipgecedigEsNG rag&twmx;tpd’els*laﬂisﬁ)mgj mcelve

s $eastin RSt T et e i Reaietel PR 2DRh Wil des 1 oate of

thef revBide mF@gtréhﬁéto‘i' @ledtBcARicduplePRPSHIR ?eé@te@' UGSt IRB 410c
signals DI RF and R, which are generated duri ng@c ud
includes

tor fievrivg Fift segistan outpitisignal §Q3.s The shift treisiar oell 4

th‘éfﬁt{eodrf él‘é&lé g%\?érsw t&'ﬁﬁ&?ﬁ%ﬁ&ﬁnﬁé@ﬂé&ﬂﬂl?@& gﬁ‘?r reg ster output
lirtk 4 @04 toreceiVe BhiftrregistéragutpisigealsSOLI ﬂhe@ﬂﬂt sddister cell 403d
output, Iine 410a and shjft register output

includes the gate of the reverse input transistor electrically coupled to shift
register output line 410e to receive shift register output signal SO5. The shift
register cell 403e includes the gate of the reverse input transistor electrically
coupled to shift register output line 410f to receive shift register output signal
S06. The shift register cell 403f includes the gate of the reverse input transistor
electrically coupled to shift register output line 410g to receive shift register

output signal SO7. The shift register cell 403g includes the gate of the reverse
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signal SOL to a high voltage |evel in response to the
control pulse and timng pulses on timng signals

W@ 26054054585 shift register 402 is shifting in tPer/Us2005011723
reverse direction, shift reg|§ter 402 sets shift
regi ster output line 410m and’ shi ft regi ster output
signal SO13 to a high voltage level in response to the

control pulse and timng pulses in timng signal
inpLt Transister dlegihically cageed wehiftdegmtmr atitgublineSOl0oto Beive

hi ft.ed, t.h ' S f
G efistelr LBl bR 90ss s S FedhEr sl A3 e 0k the gate of
tHeEtdvefdB3in fﬂ:t tr@ﬁ@@ftﬁ%lé&néélm e ’€c€§h|ﬁﬁe?i‘sf§rr&1tput line 410i
signals Tl- T4.The shift register 40 ts in

tacneeivs shyliireaistarpuiprtrsignal RO Ageshift poistev eell 408includes

’thsehgé]@I rfgtélg %@%@giﬂ#ﬁt&@%ﬁ%&% %I 9@25!0){ é(gvg@]lgﬁ é(é Igﬁn‘{]regls’cer output

lingp e ef iooesevadcsHiftwedistel vatpit ek SIOIT: . THE ehift register cell 403]
ister cell 403 receives

tage 500 of each shift re
btqgﬁ&rfbecﬂai% r%fﬁgsﬁannpggbéﬁnaﬁtprﬁé%w@@y&md tenshift
re@&@?buﬂ@@ge'%ﬁ)?.totr@@eltl SRt g%ﬁ’ﬁrcﬁ}gu%l F@Oﬁli” Hhe shift

registe recei ves a orwar reg
reglsjea belBI493hmbllade$ther@e s tHe revegse input trapsistari ejjemthcally

cued o bl reaistehpvipuf g bl oeive s westEtodct signal

sepne Thé@hm&ebis%meunmﬁ%w& té%ﬁ'thé‘ ré\}e'i’%é‘mput
signals T1-T4." The first stage 50 each sh

trangfstor @leqidacally/gsipied fq shlftmeglstar@utpmtdlmm o sedefive shift

rrEbod SR SR T R RrbRieRiAo e it es e gate of
tHeereglersy lnbhﬁtraﬁélgtﬁr%‘ﬂecﬁhﬁw dorpied ﬁf contfilsigha naé 48bko
or SIRIis provided as the shift register output signal

reseiveseardrol pignal GHYNG auft segsier osdru liges 11 0aedi Gp @re also
e@%*rlcaﬁ?%oe dclﬂ%&'ésar}éyﬁ@l anode 522 during a timng

nd eval uates the

sel eShéuresjmtét 4®fegece|ms a epotrobpysaln SomtralrsigiaR GBYNGaNd
T2. The secaond stage

f tim i I
Pyl Sl Blam iotRagevel b Bt Siandl” et 6€§b§N?f3cnd
Af ST, RULRBEIOl, M oy Tt Rediotdl 2B R
resipgnae tcSNlr(eetugu sig8hls) DURFr and DARR, mihich pre genénated durmg

tin ' T4.. Th ' ti ' | s DI RF

tigi® PitsSh 3 i sig0aRoL-TPHAseP i B Cehiedl Bl frogve on

corfedISighal cﬁﬂél43@03ﬂsmndegisteratdzeirs shiftihd il 8 @Mér&@ikéc&mn
403 in shift register 4 ft reglster 402 shif

shiff registerdAQgasets ghifeagisiar ptpublingdd auamdahlfbregmgnautput
3@1 na naPﬁ [Sﬁhﬁigﬂ'\%qaég llé\?e‘ﬁn ees\b%lnsgqg the ¥5htr& qulgeegﬁ& ?Pmng

pulses on timing signals T1-T4. If shift register 402 is shifting in the reverse
direction, shift register 402 sets shift register output line 410m and shift register
output signal SO13 to a high voltage level in response to the control pulse and
timing pulses in timing signal T1-T4. The high voltage level output signal SO1
or SO13 is shifted through shift register 402 from one shift register cell 403 to
the next shift register cell 403 in response to timing pulses in timing signals T1-
T4,
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| ow voltage level. Shift register 402 shifts in the

reverse direction if reverse direction signal DIRR is
wa@rood/1084gh vol tage | evel and forward directi onPGT/yazN05/011723

DIRF is at a | ow vol t age Iev% If both direction

signals DIRF and DIRR are at T ow vol tage |evels, shift

regi ster 402 does not shift in either direction and

all shift register output signals SOL-SOL3 are cl eared

t o i Mhetshiferdgister 402 sbhits| i sonlrol mpse andeshiftsf the single high

3P| et RERebiar G BB st sl o e et BB regisger ce
408 gBingoWAsIR-tieugl o@@daﬁcmseérﬁftv% EeslLibRNoseranshs. DTRE first
is set to a |low voltage |evel. The high vol tage I evel

stegeeld0oirackeshit negisia sl BORFecaivas ferward dire on signal DIRF

2Pl ek RiroElRT SNl BIER. Ve iE e ed BEG rBAEh snit register

403 recdivesafomvest shift régister fput signal BIF aad fr revetsg8Hify register
nal T 1 is provi dede{_ge@%]lft register 402 in first

Wﬂgswa} R sAY At gt 0% shittapgigteriifearssetite shift in
tHa {4rHB dYr%'cf@rS%nH%\éﬁe EQl'h%Utﬂ'He brtﬁﬁlngrp%1§é%aér%erecelved in timing

transistor timng pul'se from
sighglsal 1-T4.i s provi ded to resi stor divide netvvork 412
and 111

d d | l, T2
o ov ThEdrs taes PPbRE Bach shrtusaister v P40 shieud eithr the
fo?wgl‘tﬁbhlg\v%%ﬂster inpet élQﬁél"@lF%’HtﬁS révers shift RAGEATHRE S|é;nal

1 turns on first evaluation transistor
SIR. tT he High aataw voitage levgl of tbe selgried shifivegisterinput signal SIF

of W ER A o Rle PR R SRR, Tt stage

500 e adyh sHIfeYister célN4E3 pald-chades Idria nddesrr @@% Q timing

provide a | ow voltage | evel internal node signal
ptﬂﬁ@ frqm driag sighad T4 and %vaiu%t@ﬁ dheysalectacosiyfl registar mput signal

I t t
SBYBF ST o P e 0m IRRPSRRAreL ho RSk Yige s021n
eéch Eamdegrsrtértcmleg)&pm clnargas shlfgmlistéi éutpst hesad | @av410m
vol t age | evel lto dln i stor 50 |sturned

d!érf”'f‘g aitning iLysesiro '“9252 EH%'Pat,ﬂ:? 6 iptesnaldqode
sn?hghSN% ganSN'ﬁ\ﬂGhn 'étt_ﬁﬁ 'plﬂQ&'F‘roﬁi ﬁ}rﬂg‘l S§§%al Theverse

ster’input sign SIR contr verse i nput
t r an$he dinectiain sigralee HRF and\EHR%sen thedoiveardfrewersegtitaction of

oGl R AR LB PEREr 205 g o
rebfigter AOBT SHift RYiStep 10D BhifEVA the fcbrma% ARechOslF f&vard direction

controls internal node transistor 520. A low volta

sipegeP IRnissatrahighoitagedave! aadirevarsesdiegationraignal 4l biscat a
Io'g\lf \Zﬂg#g%g%yelg’z&lﬂr}g té} Aﬂﬁ é?ﬁ\lté ﬁ'gﬁuel r%\llg se (fl eecrtlggldf fé?/g?se

UPNS Of Tt ernal node t PARS: S
direction signal DIRR is at a high voltage level and forward direction signal DIRF

is at a low voltage level. If both direction signals DIRF and DIRR are at low
voltage levels, shift register 402 does not shift in either direction and all shift
register output signals SO1-SO13 are cleared to inactive low voltage levels.

In operation of shifting shift register cell 403a in the forward direction,
forward direction signal DIRF is set to a high voltage level and reverse direction
signal DIRR is set to a low voltage level. The high voltage level forward

direction signal DIRF turns on forward direction transistor 512 and the low
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Atimng pulse fromtimng signal T3 is provided to

shift register 402 as second pre-charge signal PRE2.
wab@stiosashg pul se in second pre-charge sighal RRERS2005/011723

charges shift register out puE1 line 410a to a high

vol tage | evel through second %re-charge transi stor

516. Next, a timng pulse fromtimng signal T4 is

provided to a resistor divide network 414 and a
voltehecledeMelvesgedirestioin signali DiRRYytyyns off resesealiiaptiontiansistor

5She A S USR S0 1 SRR SIS o B e R 02 i
phedé tg%%@ﬁ&WEﬂé‘bHéﬁd&ﬂtérhéﬂ%o@ 592 &8 -hidH voIRARS RYkI

node fransistor 520 is off, shift register output l|ine
thta0gh fiestwrersharge aasistor S0k Jhexton tiedrg pulsel fromitiming signal

TRk Blivied oo il enaotc T2 3Ry o sl RBY8bF lovs 2
tirhivey philisblis pedvaded toostiifiubgisteyidl2 |ﬁ¢1tst| @th!il:ﬁldm SYNAIVAL 1.

i nverse of the internal node SI\%A SN1 i ch was
The é"’fHD@ wuissin; fisgleeaduation signalde VAL § teirsran Wéb?‘é@'é?t'on

8oy 308 9B iR Sl AR SRR ELbhygn voage

leveyifetvesrd ombmttttarﬁlsjnam&mmrndzdw on lantitwitle fpretaed direttion

403 f hjft t t si I ILF is.

ragnielasis 12 aliRatyCaed o BERRRIgIode SE2 leBsuatde midyde =

Id\AF‘(/@IHQ‘H Ie(}@ﬂlﬁte'?ﬁgl ﬁéd@si'gﬁ‘ﬁ SRkt AR |hﬁ=)/rﬁhla n@deCQ@i i9discharged
ul'se 1 n control signal "CSYNC I's provided at the sane

through fisst@valuatioy transsséow 006, fosvardvapuiHransister gﬁaland forward

gty il et if Bk Tod R el bRl 5 eI A fow

va'l?agéﬂetvbﬂﬁ’@ﬁvar‘rbllﬁrsutrt%s‘iét@f 53893 ubiedbif Ghdnetermaltriiele 522
forward direction. In operation of shifting shift

rereginstahiaraed fo ppside A hcgtbvwlag@rl%eldmeée@hrme sigRakpi1-
R%ké?s%t él@ﬂ géélg{é?ll c;?l ﬁaﬁ Sﬁﬁtcob?rﬁ% {0t ﬁofnﬁoﬁgﬁahg‘éﬁdr 510.

I'Te nal

I—Mde@lg,er[e)lklgrS%l dlreﬂmenlftﬁam}smblt 5343 :jé tﬂm&id Mﬁ sueh thati mmmalcm)de
sigha turns o or war jrection I stor 512
SgAdannet e eﬁcbarqe&g@r@lé@)ue%%méf ?F‘%‘é{qrgﬂ i gnal

DI RRThBrHlI%n‘Pé] Ho%\é%@ﬁa@l’(l?%' rr‘iél%’eséﬂ c&ﬁf’%'s'ﬁwternal node

timng pul'se fromtfmng S|gn I'S provi
transistor@28- ohm\@aohamwvePR&“ﬂrnabnccﬂmsgeal SNértums ofb irdernal
vol t gge Ie

5 o _a hi rec
npRaensi Shitaetion yos l@@/ epiiteint} hide BloREl &N Gums on
irﬁéﬂmhoa’gtﬂaﬁsm&\@z@d to resistor divide network 412

and a reduced voltage level T2 timng pulse is

pr ovAdirdingrpylse Fometmingsigoal &3 igpiovided te shifheegister A§2 as

SRl el GB SRS A F D ool i cHefdd signa
PRER sh&ges shift register output line 410a to a high voitage level through

second pre-charge transistor 516. Next, a timing pulse from timing signal T4 is
provided to a resistor divide network 414 and a reduced voltage level T4 timing
pulse is provided to shift register 402 as second evaluation signal EVAL2. The
timing pulse in second evaluation signal EVAL2 turns on second evaluation

transistor 518. If internal node transistor 520 is off, shift register output line

410a remains charged to a high voltage level. [f internal node transistor 520 is
on, shift register output line 410a is discharged to a low voltage level. The shift
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input signal SIRis at a high voltage |evel, reverse

i nput transistor 510 is turned on, and with reverse
waelReosavi4eh transi stor 514 already turned on, |iPCEURZNN5/011723

node 522 is discharged to pr (yi de a | ow voltage |evel

internal node signal SN1 . The internal node 522 is

di scharged through first evaluation transistor 506,

reverse input transistor 510 and reverse direction
registes batput shal SIG1 istibe higheloyeinyiide: ofr thgiistegnalinggietsignal

sRHanEet yredfa Hlgrouifidtrediife Gt shit Pdigak MBsh sinal
SIENMEhE Je ) ¥F deslidravard SNiftdegitd iBpuivabhAGSIF @S khifted to the
internal node signal SN1 . Forward shift register

shiffpegistergndpuistignalod®iol s forward i nput transistor

508. . di i . i . . .
©or nirhEYR Bl tar YRt e Wi il SARDIBHRIG mpdesibtal SIF is
cdhmfﬁgm;ﬂmﬁ:}l@ugh cbwiraiding 430 UTC_JI_ gi&hsf@ im!tealﬁan@de 522to a
timn ul se romtil n Sl ghal . | QVv| de n
Ioye b IeeL Al pUlka in mrBBol sinaal CSYAG s prouideq at the
7 : 3 ¢ )
=330 B A5, 0 9ot RURRROASRER) ENALY, LB, kol s
inseardrod sjgmea CBYNG thakis soarciderg witkethie tamingrpuise frohstming
f i, . i | . T4 i i.ded .t i stor, diyvid
siaBebbe intiates i Eoisiarala R iige h dubforard Hipripr
pul sy bsertieMicieflifiify SRIRABE sl (3 Ninthe felers&Miréction,
The timng pulse in second eval uation signal EVAL2 i
farward dsectsacaignakl ERfu s $eiio @ lansialiage lgud . and revarser diggction

SHRBELIERIF bt Gl Pl diels inrgn i PEEL 5P Tphvar"®
diré¢tRIMEgnAIDERE tuans iofitforwardirettion traRistér 5 £UAAY eie high
output [ine 4104 is_di s_charﬁled to a | ow vol tage | evel.

valtrgesievet refvggqesdigpctmntspg@al &%tUVB@Pni IEVense CHTQﬁﬁPPéWnSiSTOF
i nvarse. of ' - J i . . conhi eh .

SR B8 150 S59) R Rl Bl il sign

PRiuto chisggalint8hial nbde 322/fel a bightvudtage leved éhisloightfirst pre-

%@3%%3%%&%5?5@43%5 f?,g%g“’gﬁpé ?rgqr,% S&ﬁg,?@fg@%ﬁg i(i;%hovided to
r{sﬁsﬁ?; divite hEMRITR 818N a f&ﬁjcéﬁggﬂageqévé ONGhirg RRISE is

regi ster output signal SO2 on shift register _
pmyiqad inl firakevaloation aigeal EVALEgiTdeciming pulg® Bniirst kealuation

rever I ft register input signal i,s control, . .
G REV ALY Bt VBB BT8R0t i FETES sift register
inpit Sighal SIR feabz Righvaikiget leV§l0tsieese FPUL tr4BSItdr® 1@ ik ained

voltage level, a control pulse in control signal CSYNC
onsang withdeverse dirastiontansister 2kt already iwgnedipseinternahaode

hESh: t i . - : [
S5 ¢ SEH A b e Me 08 ERNAGlop 4 el . The
intérmangoge! 522 i$ diztharged through first evaluation transistor 506, reverse
input transistor 510 and reverse direction transistor 514. If the reverse shift
register input signal SIR is at a low voltage level, reverse input transistor 510 is
turned off and internal node 522 remains charged to provide a high voltage level
internal node signal SN1. Forward shift register input signal SIF controls
forward input transistor 508. However, forward direction transistor 512 is turned
off such that internal node 522 cannot be discharged through forward input

transistor 508.
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timng signal T2 initiates shift register 402 for

shifting in the reverse direction fromshift register
w@edos/14333n t owar d shift register cell 403a. | nPCT/US2005/011723

operation of clearing shift éﬁgl ster cell 403a and all

shift register cells 403 in ift register 402,

direction signals DIRF and DIRR are set to | ow vol tage

| evel s. A low voltage forward direction signal DI RF

t ur nA tohingfulse frondiimét signalt Thisspreviniedst Zegndd pré-ahvarge

sibgohP&E 2y 1o AiHE pAGRdh sBEon GRS cRBe P SUTER chAtggs shif

rddigtep eugiu@ NAé 4104 tba mgﬁ%ﬁage Iavel 'tHr%hgﬁ rs,@céh@beéicharge
signal PREl to charge Internal node provi de a

resigfar 566t atgxt pdiraingipwle flam tiroing sigrmial4 @I‘MOV'dﬁdttD iwesigtor

ifle TP BB Peti ies® RVl TAFRREp Qep RHRvea in

s&édHthévARvAlidn signalEWALR. fTHestimBnab uisé irpsedaranevaitigtion 3|gnal
506. Both forward direction transistor 512 and rever

EUAL@cttJfréﬁwo@ sarend eyplugign FpasistarRI®. of intewah node fransistor 520
SR Féqj&b{ Bﬁﬁ)‘iﬁ glﬁé t4'1%)aggg1 i ?@g@&%%ﬂﬁgﬂ%lt%é el 1

f orward rse in
lrﬁemaﬁnedie)traﬁsﬁtor'lﬁﬁo isiarh shift tegister evtput lims énﬁalls dlsdbarged to

a o fivaliegRiaiels fDmanThioHEr HEL! S9TPL Sh oo tBRAIgh{ow inverse
oﬁﬁn‘é%férﬁéﬁ%tﬁ! Q@né! gna! WHB%&@&@ Pﬁﬁoﬁhﬁ@?érsé%ﬂ‘tﬁé Rdverse

out put signal Iine 410a and regi ster out put
skiftgagisteri mpst slgnal St Tha Ietweimh’@eg@lvssef $mfhregla13ﬁg1put signal

nal ed as a reduced age level T4
ST e iled o PSR Het B ba L Bvacs o urn
on SRk reyistaraldlQrnId, #Rs idiepse SRRt redReerShplit signal SIR is shift
regi ster output |ine 410a is discharged through second

registen atipe signah SO on shifisregifdern eiterhine AdQl. 1 slhifiregister cell
45% tc e ng%Yééjglg&Heg}@ﬁ@hP@tgﬁgﬁ o;@h i ofn#rtof ggg?Sﬁ@(NC on

out pu er shi
c@mttcmumelzimsTél:lﬁbohaegedlrs@dmat gede 622 (i shrftieglstac¢elw4a()3m toa

P 08, Ll BTG BT B o
%eciﬁgé ad §¥ﬁlﬁ‘waﬁﬁ§84n thErsHEV AL sighaf EVIAL40%The control
STNeI U or 0 and a

es a direction si gnal crrcult
pulsedn sentiol §ignaldbSYNghtiat ¢d ccmncrdeﬁswnh‘ﬁhetlrrmngvau&e from

i AT ilites S isierSE 804 R fe Tati feverse directin
frbﬁﬁéﬁft?é@ﬁste’?@‘éllmn@tchér‘éltsmfPﬂéqléitlerbéFM@Bé.t or 558. The
reverse direction signal circuit 552 includes a fourth

pr ec hneperationref ickaasingsdult registenceth469alangtaloshift register cells
45{5 ‘%Wéh‘?ttr% |s§g|246’£%n%cﬁgﬁ %Eﬂ\a'fsoﬁ F5I9 nH fﬁ\?ﬁi ’E'Jeo EetschIow voltage

levels. A low voltage forward direction signal DIRF turns off forward direction
transistor 512 and a low voltage level reverse direction signal DIRR turns off
reverse direction transistor 514. A timing pulse from timing signal T1 is provided
in first pre-charge signal PRE1 to charge internal node 522 and provide a high
voltage level internal node signal SN1. A timing pulse from timing signal T2 is
provided as a reduced voltage level T2 timing pulse in first evaluation signal
EVAL1 to turn on first evaluation transistor 506. Both forward direction
transistor 512 and reverse direction transistor 514 are turned off such that
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The gate and one side of the drain-source path of

third pre-charge transistor 554 are electrically
w@oewphesdsio timng signal |ine 436. The ti m ngPGI/yRaN5/011723

line 436 provides timng sigpnal T5 to direction

circuit 404 as third precharai signal PRE3. The ot her

side of the drain-source path of third pre-charge

transistor 554 is electrically coupled to one side of
intdv@atinade 628us oet gathafedt throuyhesitHaerdoivwardtinputsisrisistor 508

556 t hrough, di regti%& signal line 408a. The direction
ogeyiesse NP 2P85' YD\ des the forward direction signal

DI REThe Hidte veRdGe Rivel iigerhal MEd& shaEeS! if1ﬁnrﬂs’&ﬁ‘ﬁité.tr%g node

in each shift register cell 403 ©'n shift register 402
transiktaS20n A gintieg ptilsedramartionidg isigital ds is paordded oy séaahd pre-

' hi. f t st || ,403a.. The gate.of thi .
chgR P RE2 A8 coRle iR st DLl By b foa ancian shit
rddigtet Bufplit il Bhé®n16] Weat, d timthtBdse IRdm BRANG dRMal 12 is

reduced voltage level T6 timng signal to direction _
pegvidas as aggeduged veliags leyptig4 dming pulsednrsesend eyvapwtian signal
=AY R A B AI5h FRET 1 FhEShi Bl outoutine
411(Dalli‘l§¢iisbba@§g 8’chfroLiig:fihﬁsec'Eimel eiradiilat'mlotml I msistplrsl528 @hddntetrnalnode

transi st or is also electrically cqupled to

trasgis H20) toRTeHIg S bﬂbﬁiﬂgedﬁvglééu% Toisien oHtRf il 891
AR e STt g et BTSSR Shel Se Rib I pe e
losv deltagfe lelel shifiiregistanoedpyiatignals SQRHSOM 3or e- char ge

t i st 60 are el ically. led to timng .. .

L1 andlotr 8105 5aB T g Iy RIRh Bioabhy TR aveoton
cirdUR 404 Ficidds d forvard Ufrééﬁdrpgifg]ﬁbréik&dit B8R alrBY&isR direction

recharge signal PRE4. The other side of the

p
sighal eirgtiibT4d phe forwrard girection sigoabeiseuit d2hiichidss &Hurd pre-

' I L d : L; f- At :
ol gfFlREES 3 A MR FORb st Gafeiser Sroi i a st sonigh
trahsiowg b5 reed reversa ginedtidn signdiiieuit B2 idtiudes iadfdurth pre-
signal line 408b provides the reverse direction signal
chgrgr transisier géo.ea urthq%val@%@rs@amlsf@eﬁﬁarand%\ﬁg?@rﬂ%fzomrol
L Dai hift register cell 403 in shift register 402,
tréﬂ%lgﬁ’gg’etzhe gate of reverse direction transistor 514
i n sWhétgateghdtone sidd bf tiBdrainFbeugatpathbfof third pie-charge

B SR Sl P B bk AT
sigHSI rRA4ss %_r&ﬁbé@ﬂ@hﬁfé’i@haﬂ'ﬁf) td iré&ion &ﬁi%@@ as third pre-

Irection Circuit 40 he other side o
chirgersignal iRREBailhedithenside iof évetitan-isodraer patbicf third pa2charge

s .electri.cally.cqupled tp the drain-source path of .
rRGHE I P S Ry SV RPIE T s A% SHE 1P D8RRkt ety of thira
e@lughion trahsistaBo6sthesudbdiréstionl signalliipet4dgeal The apedtidttsignal
to a reference, such as ground, at 572. The gate of
line 408a provides the forward direction signal DIRF to the gate of the forward
direction transistor in each shift register cell 403 in shift register 402, such as the
gate of forward direction transistor 512 in shift register cell 403a. The gate of
third evaluation transistor 556 is electrically coupled to the third evaluation
signal line 428 that provides the reduced voltage level T6 timing signal to
direction circuit 404. The other side of the drain-source path of third evaluation

transistor 556 is electrically coupled to the drain-source path of control transistor



10

15

20

25

30

control transistor 564 is electrically coupled to
control line 430 to receive control signal CSYNC. The
wal2esaoi4sh signals DIRF and DI RR set the di rece¢DOSmN5/011723
shifting in shift register 49% If forward direction
signal DIRF is set to a high“voltage | evel and reverse
direction signal DIRRis set to a | ow vol tage | evel,
forward direction transistors, such as forward
588 b 6660 T her dinadni-sownceJih ofi centralrtrartsistor 553 is algeredectrically
di regtion transistors., such as erse direction .
coulRg e ApTeghce ot Biekingy Bt 5&ET e cie & oy ransistor
568iid ERctritallp@olipledatbEoitrop e 280 td feddiaabitréli SigFalIIYNC.
signal DIRF is set to a |ow voltage | evel and reverse

di r edhp@iate pgd anesidgRof thesdrain-sourasi paih b fewrdepre=glaarge

uafi BRI $E kRl P I o BeflL IR The tiing
sighaklirie 484 bg?ﬂdéﬁimmg signahTasoSﬁlﬁ%deﬂcﬁeCiﬁiLﬁiem44§g fourth pre-
t ransi st or re turned on. i ft register
CRAOROTT| RREAr dherabeqsedt tamdrafsofaesnar fennare:
. F . r . A
ot B bl Po0 I eRElicall LOGpRATY TR of et EMEqype path
obfoirthedvaligdticn tsangister 662 thioighfdirestiod signadliee 468b. The

dbrEh HEnaLRAGHE BBYices Peureeedishint Shink IRk ks gate

ofih@ @0brdelditetlionaldragfol Védch shiftirSgislep 2ER 40880 ShitfleRister
hi gh voltage | evel signal fromthe Shift register

402t 3uah as Heagate sbreveger slirestien tranaisterl 314sini Sglift regjster eell

<SP AR e L Sb A0 MRS Bt e

forth SAlgation signallind 424ttt sovitea i Riduceddoltsgd el T4
448, ... 470 and address sign ~A2,

als ~Al |, oo ~AT
timineasignat tordicastiop airgé 404y dine ethet sige of dhe drriptsource path of
ke : i i L
| BGRB9S Ly LS 8 00 6 o o
ccuihtrcﬂcttdrﬁistoﬁ 5ediat 571(?).4The dr?imr-sdurpe paﬂhﬁfr eentsol gn:mbistor 564 is
PRE4. The timn ulse in fourt re-charge.sigpna

albREIQGAIYEOURIE [9rieronrs. Sueh &% WPHRAGI 15770 Hosgaieof
cé\]tmlgfén‘%%téla% |seé_4§2tgictéi(l)§ ?éﬁﬂéﬁlgd RYCBRtrbINHRE 43011d1|§éce;vke control

signa 'S provi resistor divide netwo
signgl €BXNGr ovi des a reduced voltage level T4 tinmng

I to.diecti i it j n_f h I ' . .
51 gnan® RUREHST @3S Rl ah LB Fet BedmeliRen S in sni
r?iﬂéﬁhoﬂfﬁ-fénﬁa&ﬂf‘tﬁrébﬁoﬁ Rigrid! MRE ivakt &Na higedl level and
62. If a control_ pulse fromcontrol signal CSYNC is

reyesss disectian sigealdAiRR iss sefdater low voliagei levelr fasgardidireetion
3B e BRI R P ol 818 ol B revers
directivni tsargistdfs] suthasrreverseadirection transistor 514, are turned off.
Shift register 402 shifts in the forward direction. If forward direction signal DIRF
is set to a low voltage level and reverse direction signal DIRR is set to a high
voltage level, forward direction transistors, such as forward direction transistor
512, are turned off and reverse direction transistors, such as reverse direction
transistor 514 are turned on. Shift register 402 shifts in the reverse direction.
The direction signals DIRF and DIRR are set during each series of timing pulses

from timing signal T3-T6 as shift register 402 actively shifts in either the forward
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direction signal line 408b discharges to a | ow vol tage
level . If the control signal CSYNC remains at a |ow
waeolosagass evel as the timng pul se in the fourpdr/US2005/011723
eval uation signal EVAL4 is pthl ded to fourth
eval uation transistor 562, reverse direction
signal line 408b remains charged to a high voltage
level. Timng signal line 436 provides a timng pul se
of reverse diracfiai. ghaterinate shiftiagtdrgmeventshifting 0f shift register

4by dite b SoPRSDIRF IR iR e B3 1 oW ridtdts ey This clears
tHdl SiAgle mgh %qagé |dviel §|gﬁ‘1@8ﬁoirpthé smng Fbg«@rbtr @gg)dt %Kjﬁals 801-

timng pulse fromtimng sig grow

S, sueh tiatvalloehith segistek Omimlttslfma|$)8@/1 &13aar18eatd@\@d/oltage

28l AP By Sos 8L ey LS i S S A whi b
atitiiesd tearsisiat pairs 440, n@48 EVAm) and addestsignials ~A1, ~A2, ... ~A7
eval uation transjstor a control pul se from

respanead high YalkageosyRis ﬁh§f EIP mt geablegirtngecaligt 2ot
t j ;
pul 5.1 ppeiafa finhly Safafind 451 SRR £¥iriy pUSelidhitiing
sighat @3 dxvdiraamcommrd:m’amm 8t fourthgBe-dhaegé signat BRIE4. eThe &iming
oS i iet SEE Lhads e RSB e e
4@§b H‘S Hl@%&l%d&'le%él | R thﬁ]ﬁgtp'ﬂj'lééjfr&\ﬁacln‘i'lﬁb@gjhaﬂ'mn@ grovnded to

i's” provided third eval uation tiansistor
thehr@sfsb@mmemetwetk 6ﬂ14 ihﬁrmowdea@ rédeeed vakags layehT4dinning

oBe Je b Beria chRgr b oyt i Gabh i YLD SR RE
plieevarsurth eeglubtion sighal EMALAguirisgtfsurthlevdluatial trelAsistor
series of six re eatl ng{ pul ses. Each of the timng

562.gHzA sontiolpiiss Bomdeantet signal SSYNC inpravidedto tbw@ gatg of
oR a3 R 8L SFHSSatE FiseRile g b AR o
sighdl EvAlLdde prdvided tp fuulrthee\iﬁhﬁatlm ﬂnamEJstsr 6621 th&3eatrse08

LRI WO N ER I S
CEYNE femalridai St Bvans g Lﬂé@kn i BUA20.

i ncludes timng pul se contr SI gna
egyaliont Bignak Ev&hﬂrlslpr@\ude@m fawath s\ealuatinm tiamsstor 862pthe

gt it St inerdid fmAna shatueLloia Bidh elate leye).
C.. t
i miving SgHeA She A 3S %“88%2%?251%?“&% ff@?ﬁ?'f' itFsighal To to

digetignreirquitst04inghirel srgeharagssion#RERE3. Ole tiging pailag in third

pRULS5 g8 MyndI'BrRES Bharges the forward direction signal line 408a to a high
voltage level. A timing pulse from timing signal T6 is provided to resistor divide
network 416 that provides a reduced voltage level T8 timing pulse to direction
circuit 404 in third evaluation circuit EVAL3. The timing pulse in third evaluation
signal EVAL3 turns on third evaluation transistor 556. If a control pulse from
control signal CSYNC is provided to the gate of control transistor 558 at the
same time as the timing pulse in third evaluation signal EVALS is provided to
third evaluation transistor 556, the forward direction signal line 408a discharges
to a low voltage level. If the control signal CSYNC remains at a low voltage
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node 522, in each of the shift register cells
403a-403m charges to provi de high voltage | evel

WO ndosnesabs node signals SN1-SN 13. Al shift repdBUS2005/011723
internal node signals SN, indicated at 626, are set to
hi gh vol tage | evels. at 628. Yhe high voltage | evel
i nternal node signals SN 626 turn on the internal node
transi stor 520 in each of the shift register cells

ledeBas Mé%mmdgwpulbesn Mﬂpddeevahh@tmemgﬁal BYAEBs provided to third

pul ses has bee rior totimng p e 602 and
e%'PPPO'? §§P§'§Eqr gorH’ d geeetionsignat '&l? : Ferp@ias charged

t@ég@h{,&{ £ /st er output signals SO i ndi cated at

are scharged to | ow vol tage | evel s, indicated
at 6BRused 14ds la tirdihgedisgrsing iistratid operatidn of addrédds génerator

430 IRl et DS B Supis L 63 e CgGhopiss of si
réyéanhg%léés Sibhéh of 8@ Hhiig HQ7als T1ELTE provdEd BAE iRise in the
signal EVAL1. Timng pulse 606 turns on the first

sefies Qh%lkm|9ﬁ$an3| stor 506 in each of the shift

524 e REhes of SRR il pfyBP 71,8 o} BRRteF NG puse

66hi timlri’gﬁgﬁélélm MWInM@%&ﬁmln§®&§@606nmhmgaélgh@W3 at 608
voltage | evel s at 636, faorward input transistor 508

inghidesdiraingduismai O« traing signal Bhat 612 ngludesrtiming rise 614,

i ER ShfE P2 ol 810 SRl NN Blie S TB R ERTffa! TEat 620
inchudesdtiam mgmulse b2k s iThecontiol igpakCEYING he 6124nrmludés control
de 522 i h of t hi ft 403a- 403
o084 Ak o B Rl o et SR R
rég‘i’sﬁéﬁh@? féﬂ’@eﬁ’fé?éﬁn%ﬁﬂ@réés As SN16262r emajg. ﬁHHléHt&!i‘at 625.
votagelevesat imng pulsé & 10 of tiIm ng

si gnahe tigiag pete 62 pf tivingesignal That 600 egp@w@lemmzczhlﬁh

e Rop TP B Endl JuralToREr BEibl-8p Gz, mtemal
nodd 620 it SHbh Gfethé IShifs Iﬁéﬁcéi%34@%14@3m| @ﬁéigj@% to provide high
prevention transi stor 422a in logic array 4 Duri ng

ve'taa%lngnteénel nasle pignaleor1N1SHAH @elftsre@wéer iptgrpal node
R G B L S R

v@fefge levéhntarhalgcmrt?waggalsﬁrgmva {BRESN lthseemrfm dode atneistor
na char vo|tage |evel at

5%@%’ e@q;h Qgget?ﬁﬁ i reqisiar 5§ I?J&S% 5" cHY g'%%X%mpleaH%ﬁ gares of

s&'tﬂ'ﬂﬁ%ﬁu@%@ H4s BAg g)’d%)l&é%ﬂﬁﬂé)re%ednﬁlng J)L@@GQ?%P%HW réYister

eval uation prevention transistor
4@2 hhaaot baes mgha’dedLEBMLtmalltsdm |fhrdgm/tewouipalg elginaiseSOat

mﬁpa’;ﬁa% gﬁé?@ %ﬁl ?ci‘?aiég@{t%tcjwm;/glgagsei I%Q/g,s mjlgatteg %\% 655 and all
address signals ~A1, ~A2, ... ~A7 at 625 remain at high voltage levels, indicated
at 633.

The timing pulse 606 of timing signal T2 at 604 is provided to shift
register 402 in first evaluation signal EVAL1. Timing pulse 606 turns on the first
evaluation transistor 506 in each of the shift register cells 403a-403m. While
control signal CSYNC 624 remains at a low voltage level at 634 and all shift
register output signals SO 630 remain at low voltage levels at 636, forward input
transistor 508 and reverse input transistor 510 in each of the shift register cells
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402 in second eval uation signal EVAL2, to direction

circuit 404 in fourth evaluation signal EVAL4 and to
weabsaesdsdn prevention transistor 422b in | ogi BCHUSZYS/011723

406. The tim ng pul se 614 in_second eval uati on signal

EVAL2 turns on second eval ua??on transi stor 518 in

each of the shift register cells 403a-403m Wth the

i nternal node signals SN 626 at high voltage |evels
403x408n areneff. dheindrecoraduatiod dotwardsnputdrarsloisn5@hahnd non-

Cg@ggﬁ@?rggfﬁﬁsﬁbgggﬁs%ﬁfg?ét%ﬁ%@%ﬁ‘%{%’& ﬁlgé 5@ ) Iﬁg&é 522 in each
of"ﬂetéﬁﬁ rég%f%‘r%eﬁé 4638-408n% front HBERErgY &Fa Wvbﬁ‘age level. All

fourth evaluation signal EVAL4 turns on fourth
slmﬁaeg@terdntarnalnmoa gignale BN A26gemain abblgbelcrﬂiageaavejxs at 638.

soa. e RE EEPLARBRaREs PSR pltL Bt

ééj’ ﬁ@ﬁﬂ@ﬁ@ﬂi seédnd Ffdléﬁar@@ sighdl RRED Ntosdigvlibn lairBEit @42 ih Jourth
I scharged to a_| ow voltage | evel at 656. In addition,

pra-ahargepignal R4 andre a@hﬁir%Sﬁalnnﬁapr%ﬁhafg@\ﬁwséws 438 and

%éﬂgggéﬁgp{%ve‘}\%%h t{a(?\sm%ndﬁ?ﬁ Io@?ﬁr\‘%&h@?‘oﬁﬂlﬂ tmégg’ﬂulse

ow vol tage Teve W VO
61 @webetayl precuiadrgatsigmal HRE2)| alLEhRreGidtertoutms sigdals SO 630

GG o LT 08, o bAAGHEALER B -
c:l‘?élrr %uél né‘lqﬁREﬂ feverst @if@ctfbtﬁaélgn SalDIRER b4y %ﬁgrg%%QOtaPhlgh

val uation pre-chargetransistor 444 in
veitagfylewesat eA4.i hgaddlmmgmugmlmew nhatgesmbadﬁrehasmals

' f | RE 658 h
62598 Pla Yoo BUeR Il o2 dit Wt Shaluahh poPrenyo tfiistor
42% deu di€etakatisn gggaial DERALESAB {044 Msw Qaltégé Weflat 650.

direction transistor 512 in each of the shift register

cel | SiningpuUisBhil4 f §aringipigenl 14 at 6J2d% provdded fcbsshlft register

462 §oRthd By4iRu0 S HRREETAS 9Tt Aot o ADA bl
evaluation siyneb EVage- ancicetvaitiatifiPprevention transistar 22bl in logic
| ogic evaluation transistors 440. Wth all shift

apay |4§5e rThe timing RylgRS1¢ imsegard svaluglion siangh VAL Rdugns on
sl U5Hiah (R0 A b e 8ot il Ragpam.
With t25nteznali mode sighals SN IG28gH ng#veblisageﬂenelsgwawhgsmrﬁéa on

el b fnd kot ion fids Bl GSemR AV ot s
reig¥en Buiih 3% r@?@swmd@eh@@% |8wa}dnabb%\lélé apesa! aliso,

Since control si remains at a | ow
timing agbeIGeMem faurtbenalueban istgna %ﬂewms esdourth avalgation

trgrqgis{o?r%&ir. %'ohﬁgfﬁtﬂge gt 8@2 of control signal CSYNC 624 turns on

control transistor 564. With fourth evaluation transistor 562 and control
transistor 564 turned on, direction signal DIRR 642 is discharged to a low
voltage level at 656. In addition, timing pulse 614 turns on evaluation
prevention transistor 442b to hold logic evaluation signal LEVAL 648 at a low
voltage level at 658. The low voltage level logic evaluation signal LEVAL 648
turns off address evaluation transistors 440.

Timing pulse 618 of timing signal T5 at 616 is provided to direction circuit
404 in third pre-charge signal PRE3 and to logic evaluation pre-charge
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DI RF 658 remains at a high voltage | evel. The high
vol tage level forward direction signal DIRF 658 and
wo owsuaaissage | evel reverse direction signal D RR/68205/011723
set up each of the shift register cells 403a-403m for
shifting in the forward diredfion. In the next series
of six timng pulses, timng pul se 666 charges all
i nternal node signals SN 626 to high voltage |evels.
trangistay 49 indogie&rtay 486.0Dutihg tihing utsest 16N third pre-charge

Sigh 3R wE EIeCEo San=LSYRE GBI Ok iLe ML uliaas level

aPBbs e Thk rﬁj@ vbﬁ’a bRl fbm%PdJHIréélﬁﬂg?é@hﬁerﬁ@SGBG t@fhisdn

register cell a. Wth forward ction transistor
fawarddireaiign tranﬁewr&ﬁIZ inreehrefithenshiié regigter celint03a-403m to

Pl PRk a7 tar Do HIRPEY Ao MERLAEG timing

pBisgredss |G evaluation dignap WEYA1LL 848 chanyek o at hlgﬁ%oltﬁﬁé Vel at
i

turns_off the forward input transistor in shif

662 gwhichrtuens or ali fegic @M@Wﬁtlw fransigtors Adflar\yith rﬁblmhlft register
ot S|otf SoPbda aPRA\Ala gtep%v&ghsr | 2’5 Pn<M0enairs 446,

si'gna I ster ce

448m&u 47@8ardtwghed offt agkall addl‘e‘ss sigrehls aid~AR, Q76A7 at 625
Dur | t|mn Ieé[e 678, all shift register output
r%maw §‘@b"8 &le¥elshar ged to high voltage | evels at

680 qfﬂf"&? A é@zﬁ‘n’dﬁ%{ﬂi’rgt% §igg§ﬁ+realt ng%ﬁrdﬁd%ﬁgg&hon

to a tage | eve
cir¢uit 404 paltkied evaluatibndigned EVEiLGnalhe timing pulag,622. turnsAan third

h i gh t I 84 d
FpROS v owe: SheP oRvA e ¢S Rhea FepaTeata low
vd>|faqe/rék/ba@t6664e\@htr@t traf&istof 588! taMisVEH hAd ForRif & direBH61¢ signal

val uation signal LEVAL 648 turns off address

DB 1653t reoraing ahg inighbyeltageolevehi the pigbwaltegedevi! desvard

BT SbRR DA 854 P 183 0tage Ve S B0 siana pIRR

ch2wet ap eauhldﬂ thé shiftnegiztérselie8®3as403rh foeshiftingrin @k Farvard
nal s SO2- SOL3 di scharge to | ow voltage | evel s at
@8'0”5h|ft regi ster output signal SOL remmins at a

hi gh I t

node bl R SRS of sald iledt, riica pUite 0db LGRS
interaabnedesigh2 SN 626 fothlghg'loﬁage leeld. Fidng phlseo668 turns on
theFSLAvAUEfith BrnaibtccSded Sahad tas St ieaisten IR sReg0am.
Cofftol ggﬁamsarmﬁemb%\ﬁ@egbrc%ﬁhbpﬁu@é%e'm% Wa lﬁﬁut

a | ow vol tage |evel ; dition, timng pulse
trgggistan 598 io rshét/@lgﬁei‘ oeil ﬁa@&/ ertrbf@nwaahdlr@rtmn tiarBdiston512

alpéji\&y {u?ﬁéc'f oﬁv"iﬁltéjrﬁa 804& 's%rﬁg| Sh h%regls%r celP%3a discharges

to a low voltage level, indicated at 672. The shift register output signals SO 630
are at low voltage levels at 674, which turns off the forward input transistor in
shift register cells 403b-403m. With the forward input transistors off, each of the
other internal node signals SN2-SN13 in shift register cells 403b-403m remain
at high voltage levels, indicated at 676.

During timing pulse 678, all shift register output signals SO 630 are
charged to high voltage levels at 680 and reverse direction signal DIRR 642 is
charged to a high voltage level at 682. In addition, during timing pulse 678 all
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vol tage | evel at 698 and keep evaluation transistors
440 turned off. During timng pul se 700 forward

wal2esaoi4sh signal DIRF 658 is maintai ned at a PEDNS2005/011723

vol tage | evel and | ogic evaluation signal LEVAL 648 to

is charged to a high voltage®fevel at 702. The high

vol tage |l evel |ogic evaluation signal LEVAL 648 at 702
turns on evaluation transistors 440. The high | evel

adbidss gigigals Y1, ol ut ~A782 arg@haaged 92 highr voitage levels at 684

gl e evaNEtane el LiVAlo648 R dacharenyo ioncts e leve at
646! %@Q@ﬂg%?%vgl%%icm‘ég%‘ﬁgﬁ lrs(i)g@jéll fLItE\/,Q_g 638 ®irnQ lbtfltoé’éid ress

signal's 3 are pulledt vol tage levels a
eésl0ation tlansistors A, sddch pmeventst addredd andistor pairs 444) 448, ...

47 Giord BRTiBgcuSe SORRRTAL YR o “e025 el s Tovels.

si gn@j@ingﬁhﬂcning-opg%e 688, St rﬁéist@?%u%ﬂ%ﬁ@hé@B@-S@f@g

timng pul se intimn I gnal at” 616. Ti m ng

disghaegeripdoniraiiagerevels el 680 alQiuft register autnus signab $61 remains

o YBPloekal FPRRM fRYPCe o ooy fouf Yok SRat 672
tureimg ofs indérnal hodd trankistgesA0eafadhiftregidter cbih 408a. Med, timing

series of six timng pulses, timn ul se 714 charges
pulise 633 trmmPn $egend Eyakiedioriiagsisters a4 and gentralgeise 694 turns

ohSAPS| Pandbr BT D SE it HIBB RIS BREPDIRR 042 0 2 o
voleageskesel aled9& U08dditidin3iming pallsen@88l ok angevalfiatioode

PEHEPYoR SEEISLET HEA1 10 B biaofoRiAtan s el TRV b ledle a low

vélﬁaqa levdhgt 698 ¥A8 qkebp RiVbRIGBA traPsfstérs 410 fumégefrst er
cel

403a 1s the control signal CSYNC 624, which is at

a | oluinpttmgiegireles 760 farm@rd directian signal DML 658iigmaintained

atzo it ySRiEe ety R b fladdn S ELE VAP Siode chaed to 2
high JoNagerieesidit To2s e higﬁg)qﬁbgé & logh® BvailiagoR Bidrial LEVAL
regi ster output signal SOL is in_a_high voltage |evel

648 ab3D2 dnensi an evrluptieniipasisiasart48i di high tevst shiftisgister
offBut SichSERE) 1084 652 tufiS B o Fangiplof Bafts e gy and
aditiielst sigrgils 41 ared +A240825and atlidgly 40led te tow velthgevevels at
788, BBt shir P U i a1§ SO TH srapuladrd low votage
I8 'a?tte%o,%%bh%hé%dégé’tréﬁé’ﬁefd}@%% éyﬁ,h...tm ai%é‘zgﬁﬁé‘é"oﬁ and

node signals SN1 and SN3-SNI3 remai n hi'gh at
adthiclss signpls t-A3-eRT rem@Bbatrtdglevokage kevels, gidivatetad&06. The

oH 58 T a7 P, BB e i B lise 700

in timing signal T5 at 616. Timing pulse 708 turns on third evaluation transistor

556. However, control signal CSYNC 624 is at a low voltage level at 710 and
forward direction signal DIRF 658 remains at a high voltage level at 712.

In the next series of six timing pulses, timing pulse 714 charges all
internal node signals SN 626 to high voltage levels at 716. Timing pulse 718
turns on first evaluation transistor 506 in each of the shift register cells 403a-
403m to allow discharge of node 522, if the forward input signal SIF at each of
the shift register cells 403a-403m is in a high voltage level. The forward input
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the forward input transistor to discharge internal
node signal SN2 at 724. During timng pul se 726 all

W@ biosto3468)i st er out put signals SO 630 are charperfUsm05/011723
hi gh voltage |levels at 728 ag? reverse direction
signal DIRR 642 to a high voftage |evel at 730. Also,
timng pul se 726 charges all address signals ~Al ,
~A2, ... ~A7 625 toward a high voltage |level at 732

signdll SlFr atshift regigtaratell @b 3aris tiee tonbnolt sigmea iG3 VN CAB2E which is at

a Jonnveliede orerps 720° Thétomward owt B Sl af Sfioh o the gier
sﬁlheregls‘?@r (%1@4%%% S0TN theéHiftaB |st‘e?‘?odfﬁ1tes A@VAI'S@ d3@%f the

until all address signal's ~Al
p%dmgesfmﬁlregutemgﬂ 403. 7B stiftdegisterasput @g@alsSGAls in a high

ol VR AP et s BplasHBI Pab IS E Btght st gister
c&lf 4688, Thel IriFt Pagistes oaqﬁ:tetgeuaus 8029SpUBsfe alllat Iendolta§e
fromtlmng signals T t 600 and T2 at 604 of the

leyelssaifi9Geri es of six timng pul ses. Tinming pul se 736

: Egn§ﬁﬁ?|{e§§s§§f‘§?l&,"%é’aﬁ ?;8?5%?’? el\;_e b VdlteRR B8l forward

Svaluat 6
inpoit eighals 8iFdthat tynadftfoBMaiRitiput traasmwr 508dr esich rdltise shlft

regisien gl 098 A0 A oAt MiprapCass siale SNT and
&@sﬁ%m&.ﬁ ﬂYaé’{hVé’t' 1zwesh¢ttve it cem%su »acervré@'tha@g@m voltage

si gnal l ow vol ta eve at 724 that
levvbf shlﬁeeglstmompumgealtf‘v@msassa forwafd iipiut signabBHT trat turns on

tregrwaringeh bt da Secharos s iabgds SbbBl Sn2 &4,
eval minhgﬁmtgﬁgrpﬂ@éme éﬁ%hifﬁre?lrﬂzéleéiu 0t sig¥ialsi SOBBO are

pul se 73 control pul se in 624 turns on

chaigeddp highaneltagalevelsat %?&/emd, ée\(ﬁra‘aedtreetmrs&gnal DiRRF@42 to a

GBI IBLAT 720 By VBl 2 Shallos df aufrefa sigppte

~AdckARer.| A7 B25%towatd mmgh poltsgslevehatlZBl Ghdfurnsion @\@aluatlon
puI se 736 turns on eval uation prevention transistor

PERVERTIPB tARiSIQ) %%eEweullsWéVé\L 89,2 Y Yoltpgs level atf34.
740 THEHdMedd SLAQISHAR S AAS LAMBSHWELE GGl RBnPiréine
VO

Dl RF tal ned 'at & h| tage eve
addbsksEigkalé 48\ 1cdrad gAR weregpuilied Howcait ﬁ@geuh’ﬂi\aill addreg$gignals

~Ne-Ressuhy A Dedinich i fdf, heidhseSanal il ~a2, .
~J&'7€625/9#et G dlﬁw@ thalinhihg RIS 768 foHt Bivin Ogss.gnai T§Q€620 of the

turns on address transistors 448a an to pul
pmdg@senl@waﬂ s:x hmngmdlseﬁ\:arwbthedummglmdaw Tand 748 from

t|m|rf'g s[lg-jlﬁgllsoﬂ1 &t 68 rngslsz gf S04 o1$ thepgregggt series of six timing pulses.
Timing pulse 736 turns on second evaluation transistor 518 in each of the
shift register cells 403a-403m to evaluate internal node signals SN 626. Internal
node signals SN1 and SN3-SN13 are at high voltage levels at 722 and
discharge shift register output signals SO1 and SO3-S0O13 to low voltage levels
at 738. Internal node signal SN2 is at a low voltage level at 724 that turns off
the internal node transistor of shift register cell 403b and maintains shift register

output signal SO2 at a high voltage level at 740.
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‘bee@ highsenag) 2ARBHShIRi register APyt signa)i SO &3

-Ad--A7 are mai ntained at high voltage |levels at 756.
Timng pulse 758 turns on third eval uation transistor

woe®s5/1Gant rol signal CSYNC 624 renmains at a | omCT/OB10a8e11723

| evel at 760 to turn off control transistor 558 and
mai ntain forward direction sP§nal DI RF 642 at a high
vol tage level. The next series of six timng pul ses
shifts the high voltage |level shift register output

Si gnWhéﬁbLtrth évuaitor trahsistor 66Ql|§hﬁhed &, b$@ideing patse 736,
provi des a hi h vol tage | evel shift cgl ster out put

a@d@;ﬁatrobm@lse 210 Gy Y NErR 24 tnsas @mwn&f@ Ha@@ﬁtOé§66—s reyegse

I I
diefftfsiBHaPORNE diEAilgsats fIORIORRGS I BHTas; 4hR
dwetlbtm:t sighglsdD|RR064 2easl DHRIN 668 gine sehdursey eash sérids ghsix

olta

I ft t t SO 630
ti¥agy B e 1& ARHiop it pUise 7 38HOn RV ek gtion pigantion
trQMsnEfd?\ﬂ@'b% rﬁam%h NEVAUBSS dt B I6RN0IELe Se w13l 745 YNC,

such as control pulse 670, coincident Wth a timng
pul sé)ulhngrtimlnmeS%V@&&DrWBZd direstian signaf DR GHS is maintained

AFa i W R Bt Pho Bad RRVAT R GifigeR ER volpde vel at
7520rnhtel HiyR Yothge fvel fogid ebdlidation sighal hEVALI&Xd a10r62furns on
shifting to the forward direction. A so, a control

epallgtion irgnsistare 0. sThmBishaoitrgedovel isbifbragistaeautput signal
SEP BTy b AR R O A0 PR s
~Ahidrid A43 4o lowhoitage kgelsaigred. The ottgr ddueesdsifhals ~A2 and

t t put -SOL 3. Fi 12 i
-G ot RN SaERYPRRO%BURIS FoFo! - addr ess
E?Sﬁiﬁﬁ%ﬁ% 788 tlifhs’ gt B8 ol o dhsidhdP 56 i htrol signal
)| M©5624Eacmam$ at hdowiveoitage $uphat €60 1o Tenmfbeontes trameistor
| s f si
5B b Bnaintain Tohrg Hiretion MareE BuRF A ARianiaog sy

802, TheHeMd séné@af sikdindihg PR dssHifesl e higRivottage &R shift
806, timng agna T3 at 808 includes timng pulse

regigter putﬁu’ﬁgm &2 tithe: nexdt shifiegisierscall ﬁ@&cgth@m prevides a high

8k I P odRR- Al iR sctF, SiBRo0 KBhAtH Wi 550

sdiies ebsiktiphing ipuilsds WY Nachishfrbgistet cutesat slgntarsm -S0O13 has
pul ses that set the direction of Shlftln%gln sh

giaeparhlgh the
S ool b e A Rahie puCGpas S0 gy The st
registbt 402 giast ey indiiEded aghinr sy provediod arapatrol pulse in control signal
CSYNC, such as control pulse 670, coincident with a timing pulse from timing
signal T2 at 604.

In forward direction operation, a control pulse in control signal CSYNC
624 is provided coincident with a timing pulse from timing signal T4 at 612 to set
the direction of shifting to the forward direction. Also, a control pulse from
control signal CSYNC 624 is provided coincident with a timing pulse from timing
signal T2 at 604 to start or initiate the shift register 402 shifting a high voltage
signal through the shift register output signals SO1-SO13.
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signal PRE1 . During timng pul se 802, internal node

522 in each of the shift register cells 403a-403m
web@sgessi o provi de corresponding high vol t ageP¢BU81005/011723

i nternal node signals SNI- SN 13. Shift register

i nternal node signals SN 826 1clre set to high voltage

| evel s at 828. The high voltage | evel internal node

signals SN 826 turn on the internal node transistors

520 Fi?gu'ﬂaiﬁz |sraethtged|ag|@lnh flusbrating opthatneofaderess generator

seri of Six tinng has been _ﬁ_row ded Flri or to

490 iR 3£ divectiony ﬁm HoNRg Signalsal 1 § RRVide thegerealing

415 8"?%*93’. e G PEE 08 s T BV brsidfe g in @

s&3s ahsixgulsesd dneswe sergﬁamf§lxpmlses~m1ng SIgnaW71 at 882 Hcludes

t j gh ta ted at, 8 n .
tigie RSB 2 BRSSP po A En% e Dl B Puisé B, S signal
Thigt BosaMaludas tifiing pare! 8 fVAkding SigHal T4t 512 |ﬁ@|§ldb§ 'hPrﬁng

on the first evaluation transistor 506 in each of th

pelsefdl4, gy signebiTbat £084ndlodes timiey polser®18 angtialing Slgnal

il Yo AAubEE Ly BLisR 42" s Py FRrBICTaCRY iguces
comttrlaussésitelt sebtheCdifedtiontof rshlfﬁl’ﬁé irt élﬁftfrégw&frdlmrmtd initiate
transi stor 508 and reverse input transistor

sifdratster HE fhigeneraifissadress signalrozal 4084 - Th‘é7 'indicated at

gggn conducting forward and reverse input transistors
8 and 510 prevent the internal node 522 in each of
t he ?héftimmg g]LﬂH@BOZ: & mmvm&aomtrréglster dD2améErsy |pr@-charge

sGnghBRE 3850 fitkad nllse Syttotal agusisean agh of e shift
e}rg'ﬁeﬂ_eéllé 4DBMOBH 8fargds to Erdﬁf & c88EspéhdiRy Hgthr PltatfefBvel

2 1 n second rechar%e Si na PRE2, to difection
int¢nnalinodasigniats Sbldr$N pr @hﬂ’hs@gg@tesirgamm PRge signals SN 826 are

sSQUHaR vpltEge BEICAES2E,  ThE Rl labe RVa Ribs B tigi 4ighars

SN m&mrﬁtdrﬁmeaﬂuférn@ Aodehtrdnisisteed 52@in ShiftREgisteradeds 2080 In
830 are charged to high voltage |evels at 840. Al so,

thisi EXAGPIG, 1 $RIIesOTsEX EMING pulses dashaescRovidedinjiviito Hirg
pglgéiEﬂﬁgénl?f?wthIBHglnﬁﬁ%ng\ég%%stleﬂ@ ﬁquatﬁ ’([jalll thft register

osipgin8lgha2SCag3haghdisoharged tbdow lveltagel Ié\wlsr;sndmated at 832
' or_422a to

eval uatj on preventjon t anS|

g &l L?é’dr%?? g'gaﬁlél A2.848H @%ﬁ?ﬁa(ﬁm@fﬂ@g%@h gﬁgea'@Ve'S
pul se 814 is provided to shift register

mﬁg,%t?%bg‘gggnd eval uati on signal EVAL2, to direction

ci r cihe timtingipuldend0a fs prosidedttoshifs regmtler BAQ2li fiegb @évalvation
signal EVAL1. Timing pulse 806 turns on the first evaluation transistor 506 in
each of the shift register cells 403a-403m. The control signal CSYNC 824

remains at a low voltage level at 834 and all shift register output signals SO 830

remain at low voltage levels at 836 to turn off the forward input transistor 508
and reverse input transistor 510 in each of the shift register cells 403a-403m.
The non-conducting forward and reverse input transistors 508 and 510 prevent
the internal node 522 in each of the shift register cells 403a-403m from
discharging to a low voltage level. All shift register internal node signais SN 826
remain at high voltage levels at 838.
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eval uati on prevention transistor 422b in |logic array
406. Timng pul se 814 turns on the second eval uation

WO e@ss0zsdr 518 in each of the shift register P€/US2005/011723

-403a- 403m Wth internal nog% signals SN 826 at high
vol tage levels that turn on rnternal node transistor

520 in each of the shift register cells 403a-403m all
shift register output signals SO 830 discharge to | ow
vol t abe tineingIsilse 8B & pr/&lvéded toi shiifih e gisties éOBim seommd; poey

f ourt h it St d t al
oeceias T Bo: GoutetRR s it Andan Fled PR ERer Bl Ran PRE
ah#l 30 adgkeys | re\/&!ﬁahgé W&@tor%r@&ﬁéﬁd 8{albftorh Bré\RGMtion

off, reverse direction signal DI RR 842 renunins charged
trapsigtaii4g?avinllegig@rmasnAd6. PHringiming aulsei &G @llsiifs eegater

op R SR Y3 350 R R BEE TR h, bR VRl 1R, e diing
timawepuise 8315)8 reviree ldirection signeal DERRI8420¢H g6y &b HaigiPvoltage

nal LEV. 848 turns off address eval uation
leveh A4 olrsaqduﬁon THHNGPYee 840 gaintaingalh addeasstsignals 825 at

hgz'hr\ﬁﬁt‘a'g?rle%lé Sttuff¥on @vélﬁbflﬁaPF&/e%@hQFa |£8|alﬁf§§)3pull

I c eval uation pre-chafge transistor 4
Idgnxgevzalaahmy s@@él LIEMAILr@f& iona hayv poltage B8] aff @BGvar d

ever S B & Prayide, st ot 024 geBp %8uation
ig\"@ LoD S HIHR onL Rk AﬂﬁﬁnQ‘Baﬁﬁ %—%ah%tl@n RiigHaI B/ A1208nd to

evel at 862 to turn on al ogi ¢ eval uation
evaluation prrveniioo traNStsiOMZZI@m logicrargs4e6. dimingtpulse 814 turns

ofinSplony =l lon sk ¥ GHF 8 shirfieeiiFonls oz

408i. adktheatersdl givdlesigrdls SN-826 at highrvoltagje 18¢SIstRABIUM on
at high voltage | evels T| m ng pul se 822 i1s provided to
a

ingernat npee tr@nﬁ@mrﬁzﬂm “ashofihe shibtegiteorels %-403m all shit
L pulplf SIS P40 fisBfrd o3 YRRk g Bt 882 Ao
timirgpptise!81duiuses 864fourth emlnatmm transistdr 562aansd emmrolwm
et sl Y R e oL o
{)ﬁ’t"rdﬁf%s‘i"ét&eﬁﬂ ﬂﬂnéﬂ HitkeldrSE dﬁééﬂ(ﬁ‘pgl Hégblﬁﬁlﬁg%]mams

evel reverse direction signal DRR 8 2 set eac
chavgesipfa higbgiotage levsll in addlaonothmrfgqmulsdnﬁﬂmtug\a onthe

S e e M S R
aﬁawk@u 2Rl af 85@hifh@%‘wtv@ltﬁgéh‘eﬁ@ldg{l”@@vélﬁ}éﬁbﬁ5|gnal
Timn se 868 turns on the first eval uation

LlE}x/zé\\da,sﬁq s of addressevaluatioretransistors d¢0ster cel I s

403 aTlrﬁﬂgngu r|]§? g@%\@lovpd@dst% ﬁzeg:’ngwgir%nit % iR Shikd pre-charge

contr I'S provi
signal PRE3 and to logic evaluation pre-charge transistor 444 in logic array 406.
During timing pulse 818, forward direction signal DIRF 858 charges to a high
voltage level at 860. Also, during timing pulse 818 logic evaluation signal
LEVAL 848 charges to a high voltage level at 862 to turn on all logic evaluation
transistors 440. With all shift register output signals SO 830 at low voltage
levels, all address transistor pairs 446, 448, ... 470 are turned off and all
address signals ~A1, ~A2, ... ~A7 at 825 remain at high voltage levels.
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to turn on the reverse input transistor in shift
register cell 403mand with the reverse direction
WO e@ss0zsdr turned on, internal node signal SNEGI/US2005/011723
di scharges to a | ow voltage lLevel, indicated at 872.
The shift register output si8 als SO 830 are at |ow
voltage levels at 874, which turns off the reverse
i nput transistor in shift register cells 403a-403l.
W t hTirhimgrpise 822iis pravidedhtwsdisgation cifclit 40cds thirdtdvaluation

s Gbpl EyaTec B e Bk 2R 23 rirran et p¥Alcebon iapai 6.

TBE &onftbl sighhf CSYNG 8b&hrowtes cﬂrﬁ%@%ﬁls@?% tafrfon control
charged to hl%;wvoltage | evel s at 880 and reverse

trangistariosd andirawani freginn signatDiRFABH8 ds dischaigego a low

RS 2P By it vl Rwad fscctidh'sigia iy s
and hivtovoltald legel feveriesdipdctidBbigmal MRA 842 @8t 6ach of the shift
eval uation snanal LEVAL 848 to a | ow voltage | evel at

regigfer ¢alts #83a-#0BMlps shitirg in thgi reverssl dieadtien. si gnal

LEVA . of t ] S | '

v SRR F RAFHHEIIERS (oAl h3 i o8 e
nbédesignald SNg828ldreesisarged tahigh-dltage1édels. Timiyp&gé 868 turns

on & ¥R Va hiagan TerisinipLo Gl eqstooie Shis ambtge el 493
4%%% atg%ohﬁa%ms@w&?\%hicﬁgréy bk 'c%hﬁ'f)l Iﬁﬁg&%sﬁ'w% provided

remains at a high voltage |eve Icated dt
togtaipn obdbe deverse lirputdransigtoniges Hife vegistentell 4ABrmankk with the

PR o B e B i, e ol Sl i gecharges to o
lobi VoIt ePleleE irtfiSatbd ' 872N THRCSHIA réyistel dutslit s‘ig?r?eﬂ§ 53 850 are
and control signal CSYNC 824 turns off contro

atlpunéaltagerlevels at 87dniich Mol theereliarss inpsih trangistor in shift
. | o
S B0, Ao g WIR S T iR A L B ctrr

interanbned® sighdBOSNAJ-31 2| réragincatehigh U@ttia%@ lesiell) adit4¥dlat 876.
848 eep eval uation

t .a |low voltag &e el at 898 and
{r anBHENG HENInd PUSEH st Arsnif tpgister pLtUS siinals, BELES0 are
. I . S _
CIFrPa 8 1iGh PtageEielfs S Ubofeh tellefit by Hibna PR 8421
mhirgained atagkighewitbgateleh bt 882 hém additibh, timiigspese @@Bput

' | s SOL- SO12. | | | s. [
iR S SSo SoMR Tl ARy oA LR28 Bl Fidh vsTRgedekels at 884
ard BUBE Bodi®efallbfibh EE\%}EEE%XJ@E\G#S @ta R vakshd %géﬁ?t 886. The

eval uation signal AL 8 charges to a Hig ol tage
lowevaitager leveidogitiryatiajieneignal d&\Aly 848 tergisofbevaluatioron

R MY e g SRR 3B e, . 470 o
pulling address signals ~A1, ~A2, ... ~A7 825 to low voltage levels.

During timing pulse 888, shift register output signals SO1-S012 are
discharged to low voltage levels at 890. Shift register output signal SO13
remains at a high voltage level, indicated at 892, based on the low voltage level
internal node signal SN13 at 872 that turns off internal node transistor 520 of
shift register cell 403m. Also, timing pulse 888 turns on second evaluation
transistor and control signal CSYNC 824 turns off control transistor 564 to
maintain reverse direction signal DIRR 842 at a high voltage level at 896. In
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regi ster output signal SOL3 at 892 turns on address

transistors 470a and 470b and address signhals ~A3 and
wo-2@saosasactively pulled to | ow vol tage | evel sPCT/US2005/011723

i ndi cated at 904. The ot her ?hlft regi ster out put

signal s SOL- SO12 are pul |l ed % | ow vol tage |l evel s at

890, such that address transistor pairs 446, 448, ...

468 are turned off and address signals ~Al , ~A2, ~A4,
addiioantiming puleedids tarnshog levalmlahag @rdemrﬁbiba transistond42b to hold

il BRuatPT Rl ERYAL h5Ta i wobass evehahaa andwesng
elaluagoR frahBistéts 4 Mﬁ‘iéd)ﬁfft Wﬁf@leﬁér sufpLRBR/YNAIS S0 éf%)(? settle

pul se 910 in control sig turns “on cont
duriag §ming pubsa38s S@Pbéh&'frfmﬁ shifl registexraiitplitrsignal 013 is at a

2o o et B 208 PRl S 28 e t o

veltage levetsnal node signals SN 826 are charged to high

vol t | evel s at 916. Timng pulse 918 turns on first
eval Dbingrining s 990 Jopvar wkraioprsiana DYRF858 charges to 2

I
gBIGHagE, 1ol S8 HARAR SPaIhRAT SRR 1OORL 228 dlardio a
higal \Iczttageiiaveﬂ(a%l@oas The Ialghl\@lltageIlé\@j&)gleeebluaﬂ'bﬁ S|gnal LEVAL
oA ST RRE AR el ShRb b, LSS RS e D
ré@i&tbﬁ@@td&%@naﬁS(ﬂ%oat é@ﬁetdrﬁéléﬁ%%dk argéé géogfbﬁaﬁﬁ 470b

each the other shift register ce
amngh édéfﬁSStSIgI@@iSstA& amrﬁ@tareuag:tmelymllee@o tdw vblage Ievels

G085 1k 8k 187G gt s Rl oS BiSputea o
loandblizyet laeelsext Bose suﬁptﬁat%dﬂf‘é’ds raRRistbr ﬁElré T44ee@4§t ef468
cell 403|. The shift |gl ster output signals - SOl

argrtwmgd of@ndddiess alg@a sevAl .s~Ad, v ~Aéhand Wgﬂ&l;ma;n at high
3 | |
L A e A A L AR Y
bescams ivatid dufing tinsng putsesd00. nTliemmglpull‘Bijl &ttﬁ?ﬁ'oﬁ thiN - SN
N13 t evels a
e &yt Bslor SR8 arcko Spreliiva 80 caN N SanaIEYNC 824
tuh@é’ 8h cORtrbf tréﬁélét%? SSSQHH@Hhag%é?ﬂ% fORFAR éﬁ?ec&f&?\ %I&YQ”:?I%F

ut signal R that turns e reverse
858 @lle(erlta@e at@&ﬁarge |nternal node Si gnal SN12 at
ul.se 926 shi er_out

92
o onarge ks Sofis dr S htnd PliseR; b Hiragepriseq & o mternal
nét#Bsigngls' SN ®28eardi drefdéd b ﬁlbﬁ%ltaﬁé ﬁ’&e‘i‘é@t 9?’? Timing pulse

nmai ntai ned at a high voltage | eve

OHuturag onifisstRyahuation toamsisior 58@d essh Qf thﬁﬂslﬂftﬂcéglstermﬂs
403a-40%th té%?scﬁ{a‘?gé 'Pu%@%‘izt iPtHd Jé\/gﬂze lﬂlphfe‘ §8n|ale§ﬁ3 afe‘ eaca'l of the
shift register cells 403a-403m is at a high voltage level. The reverse input signal
SIR at shift register cell 403m is the control signal CSYNC 824, which is at a low
voltage level at 920. The reverse input signal SIR at each of the other shift
register cells 403a-403| is the shift register output signal SO 830 of the following
shift register cell 403. The shift register output signal SO13 is at a high voltage
level at 892 and is the reverse input signal SIR of shift register cell 403l. The
shift register output signals SO1-SO12 are all at low voltage levels at 890. Shift
register cells 403a-403k and 403m have low voltage level reverse input signals
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and eval uation prevention transistor 442a is turned on

to pull LEVAL 848 to a | ow voltage | evel at 934. The
wa@dasas®ssi gnal s ~Al , ~A2, ... ~A7 825 were vRCT/USIoODM1723

the time address signals ~A3_.and ~A5 were pulled | ow

at 904 until all address si gﬁgls ~Al , ~A2, ... ~A7

825 are pulled high at 932. The address signhals ~Al ,

~A2, ... ~A7 825 are valid during the timng pul ses

SR ghattum affdeverge impuli transisibs 810 3ichuthatinternaboode signals

t t 8 f th hi f t. .
e TG LAY R S
I
M@e@%g*@%é;ftwm rebSnapg S SO0t e

repgrse imptisignal Rthat tushyenthe uersonput fagsistordotdischarge
iAtQMa;fﬂ%?%\nga?\fﬁ\iﬁ 31]{959438 I nternal node signal SN12

voltage 'l evel at 924 that turns off the

i nt eDmiIngrtndmgtpm 026 oaill Qfﬁlft?rbg‘éterrcﬁmplﬂtﬁ?néE'SO 460 |are
na

and mai ntaj ns_s r eg sjer output s at
higeopiian oltade Svels 4226 and pevarpaigcn SEnobBIRI 842 is

; t
B B ok Q0 e D8 o8
addressdignalansiis té2, 564At7c82@aretcmangedakfamgldvoIMG lewel at 932
g aluondr Ry Fatsigss Hen I Eened St LEVAL 848 t0 2
ldW ﬁéllﬁé‘gfé RYel éﬁ@&l STRE atifirdsst Sgmas isa) 'lA-ZEVALA&@ZHa\WePe valid

tage |l evel at 946. Dur| ng timng pulse 94
frﬂm thertimaiaddeessosignalgma3 ED@FP@B&eﬁesplerlgwmttQi)%umﬂl il

RS AR o 282575 iflen o BEREE) ab8dharess

sighgisc~AYa AL | YA BRBAlre h%ﬂuﬁﬂ%ﬂ% tiig puls8S 908 914 and
eval uation transi stors 440. The high voltage | evel

9488t t regi ster output signal SOL2 at 940 turns on

o EifingiASe S5 TE fifedtoha SRR ansi BT84 pach of the

slmft_rreglswdreélssdfﬁﬁangs to Alaluatédthesinternabnod sighals SN 826
SoAE S SI-S8 6 S5 ) iicutd o 352 o

di%@ﬁél‘g‘é' stﬁﬂ'ré@s%@%dtﬁht%ﬂdl@'fs@! -8Rl SRINS 13%% mw\fq?taae

control transistor 558 and forward direction sign
leReRFRAtEES8. dinternal pede signal SHi2\s bt adew veltege dved 6P 927 tieat

5 g Soath e Rl B TR R NS
retfster Sttt sige@l STRI2 sted highQRlitabBadvdlzpvudes a hi gh

vol tage | evel shift register output signal SOL 1.
shi f Alseg tivdrg PHIses93A s fiourth evaluation transistor 562 and

control signal CSYNC 824 is at a low voltage level to turn off control transistor
564 to maintain reverse direction signal DIRR 842 at a high voltage level at 944.
In addition, timing pulse 936 turns on evaluation prevention transistor 442b to
maintain LEVAL 848 at a low voltage level at 946.

During timing pulse 948, forward direction signal DIRF 858 is charged to
a high voltage level at 950 and LEVAL 848 is charged to a high voltage level at
952. The high voltage level logic evaluation signal LEVAL 848 at 952 turns on
evaluation transistors 440. The high voltage level shift register output signal
S012 at 940 turns on address transistors 468a and 468b to pull address signals
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series of six timng pulses until each shift register
out put signal SOL-SO1L3 has been high once. After shift
WO e@sa0855 out put signal SOL is high, the serieBCDUSIvOHMM1723
vol tage | evel shift register ogutput signals SO 830
stops. The shift register 405%can be initiated again
by providing a control pulse, such as control pul se
© 870, coincident with a timng pulse fromtimng signal
~R3 éiﬂd!l~Al4 o lew eotagelievets ab®5hpEhatotiner, addresstigakls ~A1, ~A2

CSYNC, 824 ded t with
o Pl TFrgiA R PhGIOb HERe 16+lE a5950¢ o set ¢ he
dir ewn Blis805BlLAS S tHifeer MR MSHF 538: A4Sl puise
a control pul se from CS 'S provi col nci dent

960 i cantrolrﬁlg@almXblG 824ty rnmqmg:mtrgxh tiansate @58 and famard

t 402 hf
i wofalRIRE Al s o ides | o iV Snfese JiPefer2 i pur
si gnahe rﬁle&ms"s of auqmmagmste% hiftd HEhighaaitage level shift
il lustrating one enbodi nent of two address generators

regigfer aHEPU GNP o thernexg sbifieginteresli4Qi thatacividgs a
iy Aedea eI TRET B of IR st XK' $nifd ot with each

séestef QQ@Mlngrpellsmsrmﬂlt&eabb shlff gistetpstpdd2ignaP801-SO13 has
il Ig{strat ed The address éenerator 100

bepa g 504, ABBLI B Sotan ol S SO Aigboe series of high
vb IR0l ¢ ﬁtregfgfiér%‘iﬁput' digifals 80 833 oI e St BGRter 402

pr ow ress si
cait bedsitiatpehagain dy rjromdlng)a eanhroknulsé],esdahra cortrgipulse 870,

| ad 0
oQngeRnt B iiepu HomR B FionahE2 3830 Gont r ol
li nenlfslRreecarémish 6961EH6H Sa @@ﬁwqiu@é £18A1 c@ﬂ@s@@ 2is

address generator 1000. I'n one enbodi nent,
prvigied coiscigeptwitb@ tiyinarpdse emtimingrsigoal 15,6 at azato set the

ORI 5Ll B850 0

8241 ISiﬂIdJVidGQhCOIﬁdidéﬁfSWItg enmagPulsSdfBm smRIEsighalCE? BB4 to start
pled to select |ines 1008a-1008f. Thesel ect |ines

ongftate throshiftregisiend G shithoss highrvaliagedsvel signai irough the

I t dhe select |ines 1008a-1008f
shift ragifet Cﬁﬁ%‘ét{b'gh%n s¥§é?_1é1, SEL2, ... SEL6 to

addr Etgw@éﬁes atbbclid%rarasllumﬂdtlngsmteoerhbed|ment of two address

A T P L R L T
a%ﬁi@%n@%{c?ﬁﬁl g@% IégQQOOQg? Q@ﬁg?gg%ggf@%%t %ér?erggdgw@)@ of Figure
9 evddiiegsoups #004ai1§p4f asmimilavtafiférgrospg@0@a202f illLBaated in
ngﬂré) € The address generator 1000 is electrically coupled to fire groups
1004a-1004c through first address lines 1006. The address lines 1006 provide
address signals ~A1, ~A2, ... ~A7 from address generator 1000 to each of the
fire groups 1004a-1004c. Also, address generator 1000 is electrically coupled
to control line 1010. Control line 1010 receives conducts control signal CSYNC
to address generator 1000. In one embodiment, the CSYNC signal is provided
by an external controller to a printhead die on which two address generators
1000 and 1002 and six fire groups 1004a-1004f are fabricated. In addition,

address generator 1000 is electrically coupled to select lines 1008a-1008f. The
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enbodi nent is timng signal T3 timng signal T 1. The
sel ect Iine 1008c conducts select signal SEL3 to

wa@dasasssgyener at or 1000 i n one enbodi ment is tPOT/N§2005/011723

signal T3 timng signal T2. The select |ine 1008d
conducts sel ect signal SEL4 f6 address generator 1000,
in one enbodinent is timng signal T3 tim ng signal
T3. The select |line 1008e conducts sel ect signal SEL5

sélechliltts $6808pp1008f are ditar to seleodinmsiwidia212f illgstiated g
line 1008f

Fisfade: the sp gt s Fiast0asfinddt sSEctubmris e novs.2. .
S%§Q§§aé)%;g§§ gaﬁ@ﬁawm GOOT‘a%gNéI 298 t @cérfé@gﬂ?ﬂﬂdﬁggﬂ% qrogps

ss generator 1002 is e ectri y “cou
1004411004 (i shondP4d- 1004f through second address

o1 gning sefict NS B8a oSt S RIRE CEIERITERS ggporator
1000 eiatheoémbbamﬁemtqs ﬂﬁﬁn@@ghawg tibRgsigrll 8. BdsaEst line

8enerator 1002 is electrically coupled to control |ine

10081y conducts Gelrad signed SELe) toqadsiiess aenewatars! (i incege

o BSEbAListRg st B i gl TR STREEIERE B 008
c@ﬁﬂilﬁ% sblé&Slgh@DSELmG&‘ddces’sjg@iera&irelﬂooah@im@l émb&ditnent is
address_generator 100 as wel |

tiRGTG HanabT? GSPBAING T2 1o wRipe! INeHed eaucimbeioct signal
Sg'l:.%‘i’t@)addwﬁs g@ﬁé}r‘éﬁorj 10t gtpgﬁg fﬁ%ﬁ%&ﬁt @eclrﬁﬁb 13 timing

SS generato n one
signbb'ﬁBnﬂ'rh\e sadectilment)Segranduth sdleet sighal SEILS teeadd@sb

T MR N
sél@bﬁﬁﬁe hD08s dHRetLsIEHCs m%nél%@l% tchdidks ?'é'néréter 1000, in one

dress generator 1002, in one enbodi nent Is
emb@drrgeet igritningsigren d 3dimisgtsignald 51008d conduct s

I . Which i
one. ShBaig Sesieldh TRRUR Sedtidh Aeilp ertietive pfigs Boaa-
1008araitissdshdsaddrets Hh@nad13EThetaidresk Rsss Wbﬂivﬁde
1002, which in one enbodinment istimng signal T 1,

agdress @ignals rBle ~B3ost ~Bé ﬁm%ﬁgdgqasaﬁnega@ﬁ épO%@a@afzb of the

r [
S SN PG MG2 oL b aNE AP BBII coupiea o
ccﬁﬁtolﬁinierftﬂmﬂhaaceﬁadwc&s cohtrei sigpail G8¥NChiat adctrp&ageném@r
ch of the se

seri of si x ct X

18§80 adR a0iefs oBnerde 1007 incelemeouneSiled &6 palect lnes
100%2-990BESTRE sé|e>(st Fi’h’é§¢§08é ﬁOGQﬁccﬁL&?& bé’%@f sigfaRUSBE1,  SEL2,

In select signal is fol a pul se |n sel ect

..s B§mh&l to address generator 1002, as well as to the corresponding fire groups
1004a-1004f (not shown).

The select line 1008a conducts select signal SEL1 to address generator

1002, which in one embodiment is timing signal T3. The select line 1008b
conducts select signal SEL2 to address generator 1002 , which in one
embodiment is timing signal T4. The select line 1008c conducts select signal
SEL3 to address generator 1002, which in one embodiment is timing signal T5.
The select line 1008d conducts select signal SEL4 to address generator 1002,
which in one embodiment is timing signal T6. The select line 1008e conducts

select signal SEL5 to address generator 1002, which in one embodiment is
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SEL2, that is followed by a pulse in select signal
SEL3, that is followed by a pulse in select signal
W®Bos/1034bmt is foll owed by a pul se in sel ect sPQIEB2005/011723
SEL5, that is followed by a ggl se in select signal
SEL6. After the pulse in seléect signal SEL6, the
series repeats beginning wwth a pulse in select signal
SEL1 . The control signal CSYNC includes pul ses
tioing sigdah¥ 1 ;Aiammtr[ﬂj‘sslest lire $@0&fatonsugisadede@Eignal SEHLRto

dd 1000 and 1002
adiie<E sy 1DBR. TGO B BTDRRTIT i iBiNeL8ARELLS.

generpkidedt BigHils 5% 198Fppat orSﬁELlé(i}%l@cméiaJs%%s off%rx pulses
exanpl e as discussed with respect to Figures

thﬁ! refreatsin g rgp@ammse@%s gfeﬁlérpadsem Eaczjmhtbarm@ct sngnals SEL1,

SEEr -aiotik Dol el s PR sordr X BUREE® 18 ope i g

efib@dihent) a hise tmséleemgdal SBL1 kefollowed Ebylﬂwgﬁl%el iA select signal
sel ect snignal SEL3. The address generator 1

Skt e thatds Tollgwesdey g,pgl,l!g@ i§ sefgct signgp SEL3, thatis fellowed by a
pLEEARLER & gl SEL 4 forghed: b éﬁb 5 in seldpt S $ELS,
that is feﬂbv\@debypa @mls@ed s:eliecjlsgg“na‘l ISES_IB a@mrethe pulseein sEd& signal
b B RSt L BANGR By o
céhmlr&gmI@@\%Nmn&nuabg%uﬁe%r@.ﬁc. ?m \Mtﬁl Sr’r ggg@ signals

corregﬁ‘and to timng pulses in select s
SBEN2S SESE L6Tiegnitiate addr&sswleratslmmmmahd dé92aand to set
i ncid ulse intimn

I
uf 5 Bffestih Rl RbRrreRbled bindrbofimAngessiasrtraors 1800
ane11eop, for@xampiEhb distuseéd wm@@bééﬁoqagr@fe%tm aH@QQ To
for shlftlnglntheforvvard di rection he control

ingjaa addeesaasnarelioniomaddiess genglator 1000, mantohsigniat GSYNC

m%hL}de@ J‘Qo%lﬁ%lé&c&h@d? H'éaflm-‘:\%ﬂgé ncf?r@ir{egsﬁgﬂgﬁé that

n se

c@niﬁh:p&ﬂﬁsgterthe iing bowé uhcyelad‘nlsignan@ELm the reverse
dire &lon The flre s 1004a-1 004c recejve valid
addr 488 agdiprs genstgto g JgenerategAddipss3opals il ceh2, .-

in @sﬁsh%b §él§8@él§n§1§@EL1 2 a“dsﬁﬁéggg\%ﬁﬂo Lj ﬁa5 CSYNC.

groupone O04a r'eceives i ress si
ThmaddressZslgnals ~A7 ~A .t A 7paregeovided ¢hecighdirgineddregs lines

irk.n eI ected row subgroups SGl are
1%91@%9 @ggrgppgs’ltol)égf Cg]ncby fire signal FIREL . Wen
firelrpaguess ‘Q@néFe@B 1640, Jemﬁl@sm ﬁaréew h@\zﬂddr#?isare valid

signals ~Al ul' se in'sel ect
d@rlmumlrgg;gglses in tnm@pg;glgnglslm) Tha@@ [Te@dhaticerssgpond to timing

p&IHQQ rPQ@I%cfS%nQIEeSI?Lnﬁ%@E’Z 585 S%L:J:.Vﬁtle @Ontrol sighal CSYNC
includes a control pulse coincident with a timing pulse in timing signal T4 that
corresponds to the timing pulse in select signal SEL5 to set up address
generator 1000 for shifting in the forward direction. The control signal CSYNC
includes a control pulse coincident with a timing pulse in timing signal T6 that
corresponds to the timing pulse in select signal SEL1 to set up address
generator 1000 for shifting in the reverse direction. -

The fire groups 1004a-1004c receive valid address signals ~A1, ~A2, ...
~A7 during the pulses in select signals SEL1, SEL2 and SEL3. When fire group
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by fire signal FIRE2. Wien fire group three (F&) at

1004c receives the address signals ~Al , ~A2, ... ~A7
waeastibmspul se in select signal SEL3, firing ceCT/ESHAH011723

in selected row subgroups SG3 are enabl ed for

activation by fire signal FI 3. The address gener at or

1002 generates address signals ~B1L , ~B2, ... ~B7 in

response to the select signals SEL1 , SEL2, ... SEL6

oﬂ@‘IJFGCImtat 40044 gékﬂéwéﬁﬁ&édd’fbes sidpakssAs$] 9A2) S ~Aland the
. ~B7 % ovi ded t hrough second address |ines
quﬁznts@lerqt ﬁ@"@' E@é ficioa geHp 4e In selegiag rovssihaterns §G1 are

éggléd fBPQcMﬂbﬁ%ﬁ/S@g%aﬁ FTBE1: WHEn flre %ou%l_t\/\% Q:G’dﬂrét% 004b

urirng trmng pu timng signals
rededtesctherakiyessisignats vA hg~A2ll .seAT and thepulssiigselest signal

EL5 SEL6. Th t.rol CSY i | ud )
SELE TN ol o TESPIRCIAEitY MASTOUPE Mg S enaief for acivation
by FiFd §@n§l BIRE2 T hehatre eRsuSERES ‘@FGB? at M604d @d&/é&%é%ddress

I n sel"ect signal SEL2 to set up address %enerator
sigoalssti 1A, . mAhand dhevanigedn ﬁ@lﬁq’c sighatr ELéoﬁmmg;pells 120 in

G PR el prerkUBs 455 ol SRR o R L T SRl '5'53

t he Theidegress genemtsrel 002t geriegarls Ridrdsd Sighals @1, ~B2, ... ~B7
addr ess gpenerator 1002 for shifting in the reverse

moreuseen% thﬁjsﬁ"ﬁijt$'%%‘S§fd-r1e§e'ﬂé’ener%ﬂ-%ﬁnﬂ rCQﬁi’rQbI%lﬂ@@'s
|
aWe 8ss Q@fﬁtaf I?‘?,:M CpNGrd P rb%(adsth?ot{qh L$9gend

nroI se col atmngpu se in
add@sallln& 11012ttocfme lgemmt&oztcbmw tinradage sy eerator 1002, the

2358 HORAR (B 1a0 e oo 57 gHavalit dulna BEing pulsesy timing signals
Té uw %adtmtm 'c%ﬁ%sb@n&?d fi%in &@éé n SEkét s@%ﬁ sy, SEL5

VWhen fire group four at 1004d ei ves 't
amﬂ@rﬁsﬁs Eihgynanisolgignal GEPINC. |ncluelB§ aecuhtrdi pufsel caindident with a
el ect

i PR ing Slohah T theitehRpfs Io s, By piige i Sotect
sighanSELE&eét uM%ﬂréésrg?erﬂaertw 1002 ok Si%ftingdih tﬂ@%‘rﬁ/ard

recei ves the address S|%na s ~B1 ~B2, ... ~B7 and

dirertiopu| E@ Fentsel signal GHYMC iscluges i eanitp! puisescaingdent with a
R6E.40 R RERALPS [T F1eBB1PSkS el G el NN e

sigAAUSEL 4 teisetap thddrexdyerasaiog @02 foldhiftingBa the reveTBé

and. th ul.se in select signal SEL6, firing cells 120
diaption oE¢ ditate add u%%ﬁ@%fﬁ%ra%% frgreaddrass ggnesstor 1002, control

s@ﬁéf (‘.",St‘('l\m‘lrgﬁfuéésr & céhﬂ@lgérulgé Eﬁﬁmd‘eﬂt R L oﬁlt”rs% in timing

peration, during one series of six pulses,
sighghb? s \dd@raspohdsl és theotithingl ptnsrb #reseleot mgnall@EL@m t h

e g B TP osh OVl Sl dedE i 202, .
~B7 during the pulses in select signals SEL4, SEL5 and SEL6. When fire group
four (FG4) at 1004d receives the address signals ~B1, ~B2, ... ~B7 and the
pulse in select signal SEL4, firing cells 120 in selected row subgroups SG4 are
enabled for activation by fire signal FIRE4. When fire group five (FG5) at 1004e
recgives the address signals ~B1, ~B2, ... ~B7 and the pulse in select signal
SELS5, firing cells 120 in selected row subgroups SG5 are enébled for activation
by fire signal FIRE5. When fire group six (FG6) at 1004f receives the address
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in the forward direction. The control pul se coincident

with the timng pulse in select signal SEL2 sets up
waoddsasssyener at or 1002 for shifting in the foPeEU82005/011723

direction. The control pulse COI nci dent with the

timng pulse in select si gnal SEL5 sets up address

generator 1000 for shifting in the forward direction.

I'n the next series of six pulses, control signal CSYNC

sighélsucgs, <BR! I olBPHhdeke g@ls@m %%léct‘@lgﬁri&l BEEGnﬂruﬁ’gl keR$ 120 in
in select signals SEL2, SEL3, SEL5 and SEL6, The

selgrtadoiov aul@roupsiS6 atsenabled for agtivglipn bydiesignal FABES.
t
The ThongmranHd opbtaiont HufF ofie sEikS o s puides, ol ignal
CBYNC iff¢ladesonivd! guisesesoincident withthetiting polseg imsekes
SGBAL SELRaNHONBLS IRIST0uD AR Gt IOy 1AM Aag4 003 for shifing
wﬂh@%hﬁardﬁ’}lrec’:loﬁz "The corit®™ palté cdicideaBifith the il fg pdiR8 in

control pulse coincident with the timng pul se |
seleb’emgnal ShhP s8E Gp iaddrésstganerator aaﬂﬂéelsstgﬁmgrlattbe forward

h |
e’ Tng SPoi G PieRRe P ThE Tamd b stedl ha
SEEBeIAs @p adidss Guhiématort 1000 for BHIf®) inctheTbniardl diéction.

pul ses address generator 1000 generates address
si gnk) the-peaxt serigs of six pulsgs, igeatrohsigngbCSY Nfuindhgies control

pﬁdﬁg]s%frpcgééﬁﬁw Stsl’r?lg'llggﬁ Péé Wﬁéléc%&als S%L%%% %d%l_gs and

SEQIG éméabmmtgolfpmsersgcamdnuentmmq tumnmgpwusebgm QBI@%’[ Sighals SEL2
2 and SG3 in fire

G SELb seidbe cectien o} s orle fARVATH Sestion s addssor
geh S GsPHIOESNd ‘I‘é@%e?ﬁe%gﬂ%?bﬁlgg%%ﬁlcﬂﬁmMﬁﬁwgﬁ]ﬁlg pulses in

address si gnal t are v
select mgnalsrﬁ!ﬁb?a pndﬁl_ﬁ mltﬁeeﬂm add@salgenst‘aiérs BB aadd 002

EL6. Th add
fw@@er%fﬂnege%i%reﬁﬁamr ST BRBLS A A g 7y oaeT . The
Jﬁ@e abipcident thfthé @inﬁﬁ@hﬁﬁse"—i%elé:ﬁqﬁ SEPS ifftiates the
1004 0 thir

04f for activation. During the d series
agdressigangrator 4680 andgbe sontrsl puiae §O$ELd_Bn,t wdihLthe timing pulse in

‘5 F%{aﬁgf’éééé 'i %@gﬁﬁe?ﬁé{%@ﬁ@gﬁwoﬁé 'Ogg' gge | ow

thir D@ﬁngaﬁé tiSiEh SSrieesof t&ﬁllﬂfgeplﬂsés gtk &ss§dneratds2,000. -
~B7i ncl ude | ow_ vol ta%1 | evel _?nal s that correspond
r

gererafes addwesssionsls oAy réén au’d deafeage valid idygne dioning pulses
Sﬁ%&%@%}ﬁ%ﬁ%&%h&“&yggj@?gﬂ ao[ Q&@r%% %thnﬂé 9R3! 2p2, ..

~ARaransedddr esabligdiririgscetB1120 nB3w subgrotirs BE, lSGZ lanw SG3
mvf?rletgargups %ve4 Fséf] (lj‘?:éip g% 1881;-?882{:] ?orta%tlbgtlon During the third
series of timing pulses, address generator 1002 generates address signals ~B1,
~B2, ... ~B7 that are valid during timing pulses in select signals SEL4, SEL5 and
SEL6. The valid address signals ~B1, ~B2, ... ~B7 are used for enabling firing
cells 120 in row subgroups SG4, SG5 and SG86 in fire groups FG4, FG5 and
FG6 at 1004d-1004f for activation.

During the third series of timing pulses in select signals SEL1, SEL2, ...
SELG, address signals ~A1, ~A2, ... ~A7 include low voltage level signals that
correspond to one of thirteen addresses and address signals ~B1, ~B2, ... ~B7
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one of thirteen addresses. Each series of timng
pul ses is an address tinme slot, such that one of the

w0 bdostiesans addr esses is provi ded during each sePCEESWNS/011723
timng pulses. In forward direction operation, address
one is provided first by addféss generators 1000 and
1002, foll owed by address two and so on through
address thirteen. After address thirteen, address

ingrurdy I@MDtha@éOl@vehdgﬂQQZhaﬁ wie@oﬂﬂ Ito Hihey bam@ oregef thirteen
l,evel address signals ~A7 and_ ~Bl1
adgpesses. ing ea suk&gq,ugaf %%rm Qfdimiag Riflses frpmyselect signals

SE‘I‘_HS ELeromﬁ@gdo@éﬁ‘ﬁg %I§E|7°11 ~ L2 ~A7t%n(ﬂa:ur5tn@rhe§s signals

contr pul ses are provi col fci
~Bdl sB8g, i. n~B@IIretdud%ﬂ@m&bﬁa&mehmgnsﬁuﬁat corcgspdmite the same

of o Hiftiah 2atiioes S et res itPiing Hieads Breasd pay time siot,
s§elfRlt oRe\d¥Ehé misiHBER BdePEseslis PGS GQhﬁ%bQSHfseWé& IBf timing

timng pulses in select signals SEL1 and SEL4 to set
pulsegddr ess generators 1000 and 1002 for shifting in

e  IEiEEf rEafh 8%rafBF SFRNbEEhnRY BEMFAL st Bl badress

ge:d@i’ra&ss ‘QIE]G)GHU&I (bﬁOZ,GﬁﬂoWed byiaofdfesﬁgtwmaﬁdm @ofcﬁr\/mfr@@gh address

directi ghe cogtrol pul se coincident wt
ﬂ'l”'t‘?ﬁrth%@@ diessdairieen. afdiess dspermtaes EO%aadd.OQasorowde all

f Iyon i he s, epqi I tion
WERVRIELE Loyl Sdies Shals 101 R4 7 A g et LBp. RE
Alsoc Hudeg eachtseoies ofi ltiedisg pulses |fmmm8elact bighaks SENTNSEL2 ,.

BB S s s Bt R o | PGPS b Seket signals
SEEQ%Cﬁd SEN53 Soffitde §ﬁ%n§ﬁh4hé Crwl§ ditetfsh. on of

fting to the reverse rection i n address
genekmmtbeuewnalmon@anon Theingooneg %FI@JDEQX pulses, control

SRR it S PR iR SoingliciR o) PR Se micaect

sifjpalsgBRE! aht IRE[Ht sstusadareks gefdrators™P000 and 1682 él‘(B‘lClshlftmg
~B1 ~B2, . ~B7. The control pul ses coincident wt

intthe reversaglinestion. ilhesanitol pylsgraginaiierd with thestiraing pulse in
SdSE BTN SLR A0 AR RRGP PO e e
diredtionat Ewe aniutrcaismls;eomnaldent Wik Zhétimimppulse ih Belatt signal
Ségr 2 gé atglgg]q I ngﬁjréesﬂg%giqs gl’?lﬁ qﬁrtﬁé ?é);@lfgg %gpcg@@
L3R S seh BSR4, 008 e SR Bk conco
pulses egincigieat usthdhedlmleg@bllsesgn fseldoh gigneld SEL20SEL3r 8&L4 and
SEEQ I7RER con%%ir pUIses co:nCIden(%Gwﬂh timing pulses in select signals SEL1
and SEL4 set the direction of shifting to the reverse direction in address
generators 1000 and 1002. The control pulses coincident with timing pulses in
select signals SEL3 and SELS initiate the address generators 1000 and 1002
for generating address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ... ~B7. The
control pulses coincident with the timing pulse in select signal SEL3 initiates
address generator 1000 and the control pulse coincident with the timing pulse in

select signal SELS initiates address generator 1002.
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in fire groups FG1L , F& and FG3 at 1004a-1 004c for

activation. Address generator 1002 generates address
wer@sabsss-Bl , ~B2, ... ~B7 that are valid durP@mus2005/011723

timng pulses in select signals SEL4, SEL5 and SEL6

during the third series of t i fri ng pul ses. The valid

address signals ~B1 , ~B2, ... ~B7 are used for

enabling firing cellls 120 in row subgroups S&, SGb

and B@inigrthéithied gedepsf fitdhg biileed etidréds géndiididtdoo

004f for activation. During the_third series of timng
gpnersies addesssignals ghd) ~A§EL1 AT dpatare, valid girigg; timing pulses

] §YBERROHARSRELPILEPeRAUISHLS 206 5301 SUBRALN e a1, a2,
~AGrareyseddot enablegfiring celtse 20 adadmessiegroaps! S@I’dr&@g and SG3
.slgnals ~ ~B2 ... ~B7. LRcl I ) t | evel
oS os et 557 s B DRRR ISR RGNS s
gBAENASS 302 FHhbrRteLaddresy @WDMSSBQGS DI§7 ttIﬁaWaiT'S valid

pul ses fromsel ect signals SEL1 , SEL .

dugding §5¥ng pylsesdn salect signals SEL4 ﬁELamd@iLa duaag the third

sl REAtikEpufes o Thb ey aBifesriyidhdad 4 Con7 o RE B uses

fdrlemabangtmlnﬁgs:eulg 1ao indevesdgtdups SGat SRS BTE indite groups
the thirteen addresses is prOV|ded during each

F%ér iF&a5 and FGR al10RAdd804f fer petivation. di rect i on

crar DM IS Sercn b AR st Roclelt Sbigh s geLe.
SEnélia eremeMe«mom loperationadddsss sigreals A1e ~A2ddr eAF include

one, enerators 1000 nd 100 rovi de al l hlgh
Icfovelias Sebae  Bectarenang 1o/ene of inbloan addragses i

aa‘@r%ss sidgtfals ~B1, =<B2; . ALB? in€lydd Ny GQE%é%bP%gﬁélstthﬁl ng

pul ses Trom select signals SEL1 ,
cenespaid Mhewme enerofthideen @ddmseenmumrtgeacmsmtgﬁequent

I t SEL t
s@ips BTG MaSURES rRbEPSet s B TR i Sk Hltress
sighareoh 1 2dal ess-AgraRd a«'B1on8200nt~B¢|mé1ua@iPdw ¢Sithbe level signals
i ncl udes control pul ses coi ncident with timng pul ses

thiah cereepend tq thg samseione ofdpirteengrdiesses. JEadh samgssof timing

5581 P A g SRS 58 i i BT

proviffed/ dlitirg eatiegelies of timirgepuless.of hi gh vol t age
pul s ntrol signal CSYNC al so term nates

inc
or pr ﬁ'\/'@’\’@ﬁsea Heeian eratation. addrgssithirteeyh s RigYideg\first by
t t
=ABeE3gRrkREl 1000 SHEL IR, MR STl SheflBand sqgn
thrsugh eddiesy atieaghfien address oagj a@drbes wendratoxs 1@1303:35@ 1002
pron/?c{eagfl erbho\];oltage level address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ...

~B7. Also, during each series of timing pulses from select signals SEL1, SEL2

.. SEL6 control pulses are provided coincident with timing pulses in select
signals SEL1 and SEL4 to continue shifting in the reverse direction.

To terminate or prevent address generation, control signal CSYNC
includes control pulses coincident with timing pulses in select signals SEL1,
SEL2, SEL4 and SEL5. This clears the shift registers, such as shift register
402, in address generators 1000 and 1002. A constant high voltage level, or a
series of high voltage pulses, in control signal CSYNC also terminates or
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address generators 1000 and 1002. The control signal

used for shifting in the forward direction is
WEIBIDIHEYY) at 1124 and the control signal usepRCT/U82005/011723

shifting in the reverse direction is CSYNC(REV) at

1126. The address signals ~A3, ~A2, ... ~A7 at 1128

are provi ded by address generator 1000 and i ncl ude

both forward and reverse operation address references.

@Q@n%dé’d@r%s geteritonaHd a coRetant low vEiTagd 1eVdP crfrol signal

provi ded é address generator 1002 and 1 ncl ude both
CSMN@WHII aa mrt@t@aédr@ﬁegqﬁr@ﬁ@raaae@gﬁdrmﬂ@r ences. The

f::oggigi S%qu%l egﬁgﬁ dla&é ,llugtrahr%i‘qﬁw%w’%hg%\??rse operation of

addra8algenekitdrs 1080 and SIEIOQ T coteml sigmapubse fd)rrshlﬂtleg in the
series of six pulses. In one series of the re

fopepicLairestion i (Y EIFIR) alct 124 i ihecgantral siggigggsed Tor
slﬁlﬁ[ﬁgqﬂqﬁe VB8 diekasn islgng\gGé(:I@J’) SO, '@%%d%ﬁesﬁ%@wals

es timng pul se ect’ si gnal
~Anctades. ~t—A7nang 12&Iase pidvifed by laddtressi gpradra’@EU@O@tarmllinclude

1 | ud t | 11 | 5 L
bdth fnyaHel b VT ARSIRPeEOEass g aosrae Re, diips Siogals

~BY 1430 |08} 4fe930idre %@oﬁ&%@@yb@@?ess‘c%ﬁé?é%r@m and include
di rection operation, control Signal

bothdooudars Mta\@rsmpg@atmmd@mrﬁf@@ﬁmw th timng

pul sEng paed SERTSELY, BET2, o SFLBlbs 2 A g of six

phl@e& hedcarorand séigcesighars SBL$0SELRNSEDS irsdigded one pulse in the
CSYNC( FWD) 1124 i ncl udes cont r ol uI se 1134 coi nci dent

sevieshot siniphipesu | I8 ONe1segiaspfdae é%r@e@r@rfeﬂrleggwlépulﬁ?@elec‘t
s{éﬂa § 1‘1 a‘?'1165'|ﬁ§Héé§ m@gugl re@? Eé&?&“@ﬁﬁ@éﬁ%#@%ﬁ4

of s t'n i on
lm&mttlm@gsfﬂM@S 106, selecimigre SELihat Sﬁ)&enﬁclmﬂegrtahm@&hﬂse

1§h0 seectisnaloga 4 ah hE2 i EBstirago mived1 14, st g SELS

I [
o s 08 19 it o ot

timinglpdl8ei@2udes tim ng pul se 1144 and sel ect signal

oi onli s eaaor el bl el SRR BN, 4424

m%ﬁldé%' &htol Pulse 1130 B6inBidbAEwWRA Bfhih@ paRet 1 T0&inseliédtregnal
dress generator 1002 for shifting inthe forward

S&M@iﬂn@ﬁ athe @@rﬁmlcnul%ﬂ 432 setsup-adeiess @enelaton 1002 for
S B e e 4P b8 SN YR 1 3
includes control pulse 1134 commdent with timing pulse 1118 in select S|gnal
SEL5 at 1116. The control pulse 1134 sets up address generator 1000 for
shifting in the forward direction.

In the next repeating series of six pulses, the select signal SEL1 at 1100
includes timing pulse 1136, select signal SEL2 at 1104 includes timing pulse
1138, select signal SEL3 at 1108 includes timing pulse 1140, select signal SEL4
at 1112 includes timing pulse 1142, select signal SEL5 at 1116 includes timing
pulse 1144 and select signal SEL6 at 1120 includes timing puise 1146.

Control signal CSYNC(FWD) 1124 includes control pulse 1148 coincident
with timing pulse 1138 to continue setting address generator 1002 for shifting in
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Al so, control signal CSYNC(FWD) 1124 includes control
pul se 1150 coincident with timng pulse 1140 in sel ect

WG R@habs4SEL3 at 1108. The control pul se 1150 i PECT/U81085011723

address generator 1000 for generatlng address signals
~Al , ~A2, ... ~A7 at 1128. Ff addition, control

si gnal CSYNC( FWD) 1124 includes control pulse 1154
coincident with timng pul se 1146 in sel ect signal

tHsHobwatd dit@€tionTéned controlqiulgeitl $52 Tdeident w;thttﬁ*ﬁmgchn@és 144
generator 1002 for gener at i % address. signal s
tolgpniinue Setfing ediessczengraiond ORE,er %watmmdh%éqmd girection.

A%o?( cBHﬁ %.gnaﬁpsvmw\m} %@ﬁd%tw@p%&ﬁ é{d 6nq>.ﬁ8.dent

ect signa
wpib|tmngmﬂ;se 4@t seleghsipnalfEBLaEt 1108. Thelconés! puisemg1 50

. | | | SEL4 t 1112 I t
fiR(ES abeers dsieistor S08Ter deneralino Fodfess itase At TAR -
~A! gte1 1280 Anadiitio, @ehtrsl €541 CEYREWII C%@mmic%%% control

timng pul se 1166. The control signal NCS
pulsel Uidelscajneident with liging peBecbi4icincgsiect sigra ﬁEhaq@t 1 120

TRy b ik SRS S80S Be B S P R BBl s
signbre~B1,/0B2oi.ndBTant130.t h tim ng pul se 1164 to
continue setting address generator 1000 for _shift 80

in t Hb heoned i tiird series Al Sixmwlsas selest gonal SEb/ aidd

R RSB 130 P& FARLST it 1194 B0 PG puise

1 aﬁﬂrmectgﬂgrmleﬁlﬂm aomoo&mg(ljwwmmgqomrl $6&,l§le(!|%ct~s@1al SEL4
~A7 1128 ress .on ress

abh b1 Zinol s BatemLaSs 168 SHISstRioTaap 301116 Mickiiay fiming

pél‘ébeﬁ%45érﬁf‘§éle§!5é1éné‘ltséﬂégt Qﬁ‘ﬁoﬁr?d?iﬁ’débstlmmgﬂil §t1'1b6 The

timng pu se In sel ect S|gna
ceuliolsignal rﬁaS\éNCiFi\m@)u 1 2daincliideardontyot pulisad 168! codrscident with

tiges by 15816 chbAnuk Gelfgasdaried Bl (AR RhsBiinG in the

fokard Biredticieanddentsisouis@nals cobkident Bath timrng‘[ﬁﬂs@tl 164 to
1130. After being initiated in forward direction

copintua setfing addrassueenatos 1600 fopshiliing iadie éwasd directon.

~ t~ ~

1 174 ThESRress aeritraft thbB ke cRaRe 837 ne Py ~A7

a1pu12& Aft6Pbéeingdnitiatsd inifgredrdsitstioh obk@&mn@ddm deherator
l[idungil tim nl% pul se 1176 in sel ect sjgnal SEL1 at

1469 and Rsldress SIERER AL A2 - s < #dl WH Pieyide afdigss one at
191 SB3id é@ﬁlﬁl‘g 1%%“& %Qﬁ% tlﬁmﬁé‘gggesﬁifb in select

SEL5 and and ress
SIQnghSEk&at\]] 120~a4v21 remalns-mllchtlntlljtﬁﬂmgrmns@ﬂ62 irB&elect signal

SEDA 411112, Address one at 1172 is valid during timing pulses 1156, 1158
and 1160 in select signals SEL1, SEL2 and SEL3 at 1100, 1104 and 1108.
The address generator 1002 provides address signals ~B1, ~B2, ... ~B7
at 1130. After being initiated in forward direction operation, address generator
1002 and address signals ~B1, ~B2, ... ~B7 at 1130 provide address one at
1174. Address one at 1174 becomes valid during timing pulse 1160 in select
signal SEL3 at 1108 and remains valid until timing pulse 1176 in select signal
SEL1 at 1100. Address one at 1174 is valid during timing pulses 1162, 1164
and 1166 in select signals SEL4, SEL5 and SEL6 at 1112, 1116 and 1120.
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1130 provide the sanme address, address one at 1172 and
1174. Address one is provided during the series of six
W 20vsnes4pull ses beginning with timng pul se 115BCHN82005/011723

ending with timng pul se 1166, which is the address
time slot for address one. Duﬁlng the next series of
si X pul ses, beginning wwth timng pulse 1176, address
signals ~Al , ~A2, ... ~A7 at 1128 provi de address two

at 1YR8 altilessisigpaks sAgnaA3 ~BI7 arBR8 and ~BR7 ~@2, 11387 4t
rovide address two also. In this way addr ess
5%9@.@06@ éhqéem%ﬁfdﬁ@a@zadar@ss gae aaaﬂzgmej ¥¥7dm Address one

PR g e s e B DRSS Ral by UG TbG puiso

116@@ndre:homﬁm)ﬁnthrten|nglp1jI$e Mw Wwieick Yt address finidslot for
sane way. |Ln reverse

atifiest o BRERAITEACT ARG bt BHsPo oar R iming pulse
1I171@| aaiﬁ-és§ aRfra® ~M' SR21180A7e g W@Qé’ﬁ%vd%\é bﬁlﬁFés@t{R/% at 1178

pul'se 1102 i'n sel ect signal SEL1 at "11 e control
apd lasid rqsmg@@lsg&b ~BRr. esB?@rﬂélrm froviteOdddress sho titsong In

Syl iR Bt AB, A0 2B ROR TAVGR ckheEs fromaddress
oMé throupRideresd tertddrlih the ferlREtdikicasa A@l’é‘rédat'es%]tﬁﬁ'&een

The control pul se 1182 sets up address generator

a%ﬁesmemrai@rs h0@Hand pdswe deindiiated tn Cﬂdﬁﬂhr@ugbngq;aand
a&&ggg%gggg HJTHFG sgiﬂ%@g? control pul se 1184 coi nci dent
0

conti nue setting address

geneha:tevers@ﬂiﬁeétmn qiserétlomq:dritrol b@néB@STYEN{)((RE\?F’( 12131|ncludes
d contrgm(ﬁ)ul se. 88 00| nci dent with timnmng

ul s
caie HiNpe. 180 FRBCISN i) ThmOB euSeyAHe? in splegbUanalbELT at
’F@Ufﬁ'ha%ohﬂoi E@Iséel‘ﬂ%gss‘étéjhf)%‘gifds s ﬁesr to rcﬁﬂorf% hifting in the

si gnal I ncC pul'se
reyersecd lﬂj@(FttOr\NI Allsot contra sigrisd €SYIMO(REVS ¢ 1126 incdudswatontrol pulse

o W s P St ) 57300 2

| d t8f r
U S e i

dlwthnu m ng pul se 1146 in sel ect signal SEL6 at 1120

100,SPAho i ¢ SYBEIRRV BifRES cBiforiSHSE 1184 coprident
with titii3§ pulBeel 13810 cdntmugrs@ttlr@sé(&&%ﬁ?@ébnéﬂa%@r 1060 Ftﬁ‘%fhlftlng in

control cﬁul se 1192 coincident with timng pul se 1156

thedeveise; Jitrstioaandepritpl pulse HiERsaineidenbaith tigling pulse 1142

to continue setting address generator 1002 for shifting in the reverse direction.
Also, control signal CSYNC(REV) 1126 includes control pulse 1186 coincident
with timing pulse 1140 in select signal SEL3 at 1108. The control pulse 1186
initiates address generator 1000 for generating address signals ~A1, ~A2, ...
~A7 at 1128. In addition, control signal CSYNC(REV) 1126 includes control
pulse 1190 coincident with timing pulse 1146 in select signal SEL6 at 1120. |
The control pulse 1190 initiates address generator 1002 for generating address
signals ~B1, ~B2, ... ~B7 at 1130.

The control signal CSYNC(REV) 1126 includes control pulse 1192
coincident with timing pulse 1156 to continue setting address generator 1000 for
shifting in the reverse direction and control pulse 1194 coincident with timing
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shifting in the reverse direction and control pulse
1194 coincident with timngpul se 1162 to conti nue
W@ eaositogysaddr ess generator 1002 for shifting i PCT/H82005/011723
reverse direction. The address generator 1000 provides
address signals -Al-A7 at 1138. After being initiated
in reverse direction operation, address generator 1000
and address signals ~Al , ~A2, ... ~A7 at 1128 provide
paarem fdddritiaas sattingldddredd depsratbhil 002 fur shiftidg T2the reverse
becones valid during timng pulse 1146 and renal ns
diggeian.-unti|l timng pul se 1162. Address thirteen at

oAy . J bu S _
1 sdh8 ittt Gutiebr1db0goRidetSudtdaPsiohs L R1SAE 38 128,
Afted béihg8nitiaberl mddverse djesudioataperaldf)?, suidoessigsnerdtbrekd00 and
ignals ~B1 , ~B2. ... .=B7 1130, Af bei.
oSG e BPse 37 BT 6R RpUrsAdesstiTeRyat 1172
ABBRSSFhRtecO2 BdoSstihes §ald anaﬁmmﬂll ﬁurs%mmﬁ- and fmains

at 1130 provide address thirteen at _ ldress
valid undéldimiag puiset1 begoAddrass thirtetur atnll 42 isiviadd pluirigg timing

PUBAR a0, i PR aan HEC A il S REta A gEpdiatdd oo
11885 2ndl@8.and 1166 in sel ect signals SEL4, SEL5 and

SEL6_at 1112, 1116 and 1120. The address sirgnal s ~Al |,
~A2, The addsgssagenaratprali02-povidesgpldress sigpalsaBh, 142, ... ~B7

i d " 855t hj
b1 P40 Akl BB AL 3Ry AR R oh B fioh, Aotk yfbtator
1002 ainudaddrémsiﬁuhlsethegB%ni.ﬁgBW\bt ™ m%o m’r?wj;iqaadri]dqesé ih5ifteen at
ndi ng W, tim ulse 1166 ich is the
@2& &@rﬁ l %}aﬂfﬂh ags vlid dUERg timing RYisenk! 60 and
=SBl TPl ot 70 DRYBE Wit be T gl i
timirgy pdiseadd62s $164vahd &l 186 in sekchsipynatkd8EL4, SEYharnl SBIL6 at
~B .. %BZ.at 1130 provi de address twel ve al so.
1121%ri15156 a'é‘#lér?épors 1000 and 1002 provi de addresses

fr Oml'ﬂ@ﬁo;%ésé éibhél%em‘l,mﬁ@gh ~AJUSEERD PR L—B1E hBZ, ... ~B7 at
reverse direction. After address one, address

1430 pravide tha sameadgrasm adsress dintean at 2 angddv#dAddress
R AR e 155 S B8 it i

pgieaeri@soand @ading with rminy heled 1066, dhichTisehdadlreseltvné slot for

addr ess, generator 1200 i s one enpodi nent of control .
agddiesgithirpenn Dying theexyserigy of sigpulses, beginning with timing

pulse 1176, address signals ~A1, ~A2, ... ~A7 at 1128 provide address twelve

at 1178 and address signals ~B1, ~B2, ... ~B7 at 1130 provide address twelve
also. Address generators 1000 and 1002 provide addresses from address
thirteen through address one in the reverse direction. After address one,
address generators 1000 and 1002 are reinitiated to provide valid addresses
again.

Figure 15 is a diagram illustrating one embodiment of a bank select
address generator 1200 in a printhead die 40. The bank select address
generator 1200 is one embodiment of control circuitry in printhead die 40. The
bank select address generator 1200 is configured to provide twenty six address

sighal combinations, referred to as addresses 1-26, in eight address signals
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bank sel ect address generator 1200 is configured to
provide twenty six address signal combinations,

WO edosnords t o as addresses 1-26, in eight addr eBGT/US2005/011723
signal s~Al , ~A2 ... ~A8. Lower nunber addresses 1-13,
referred to as | ower bank addfesses 1- 13, are provided
to enable firing cells in a first group of firing
cells, referred to as the | ower bank of firing cells.

~ANMghRAR .nudér Lad@rwsﬁ:nar]add?@ssesef-efir ederred & abilgherbank

addiassSs 1- 53 e aavigen f <oeble Ting,Selsing freb figurce Hipg cells,
référrba 6io fas&hs 'loWéf‘iSaﬁlf of fn‘iﬂgi“@elfse' H@he} RuRib@r %HH%ES@@ Nl4-26,

of el ght address signals
reietred do @s nglnerd@anK)aqu@es@Bam«B@naye proul%tﬂtoeemisle Imﬁg cells in

The b nk sel ess engr at or 00 i,ncl ud

a R i of flind PEAT SR el the iaferl Bk 8 Tty gets. 1n
oh€@insb im&h0 Awodofl eyt adtheks bigaialks <ATCYA2 . 12068 ar@ active at a
hi gher bank | ogic CIrCUIt 1208 and a direction circuit

time1to. provide) tyiRaEy iX@ddsesses 1-€6i ster 1202 is simlar to
shi f%hé%%ﬁt%eé%&éwwé%% %Oemglhd Q% I{)We?‘ﬁapk( shift

hi gher regrs 'S SI m
regisfest 2024@hlgh'§ndbdnkmft teyistes h204, a Enga‘tk&.kaJBQE_ circuit 1206,

N R T s
sﬁlgtfragrs LZ(?Zﬁs@nﬁéﬂfbaérﬁﬁ*rg%lﬁte? bt (sh&&hh & @‘9&8?99 ahd€also,

ogic circuit 6 1 ncludes tran
higbgr banlslsrnft mglster ﬂ3@4 s similanta shifidegisteswtOA. nThe tpwver bank
ank ddr esses

sttt E04 e e BSHiT S RBRIs bR T hedaifigr 402 and

hig%r Bank ishift Rigidter 1 204 ﬁec,@l\ié‘ledilffer’éQﬁftlnﬂﬁg BighalIthahi Hivgr
bank addresses 14-26. The | ower bank shift register

regigier #82 e(Tdet lpwes bapk degip ciseuit 6206 insludeaikansigiot logic, similar
el LR S0L oL FEbR e B ok ifesses 112

aAd e hibhe? wapk dogideirshit fi208 ﬂml@d@tr@mm@m |sgigrEmniiaS@liogic
SO 13 to logic circuit 1206 as logic circuit input

CIEG PG t@rmwd@shlgh%rst&émdﬁéﬁ%e 4:¢6. | ower bank shift
(09! ThefoalalRsftbisiection ALK Bgyer pank

loganeircuiati20& trirbugh shiftsiegistaraf#put lnesdtiz 12a3m212mwé|'me shift
AR DHIRLHNST daare- Fem PEVIRS VS il f P d Tl S
S8Nixfto Ib?ﬂ' c?rtc%ft 132:@@233! I%Jgf?,J @Fc.‘u'it' |ﬁ|§‘ut| é{gﬁéw @ll?ﬂ\lﬁ 9, r‘e’sﬁb&%ely

signal Tine that provides timng signal
Alse, Iczwmbammﬁmeglstaré@ogtleelemmllas:oupl—@t tomcmimhalgg\al line
12 %ﬂﬁtipggﬁ%ﬂﬁs cBﬂi’?’stBﬁ‘QI‘tépNH to Iggleﬂ)g ks%qg reglster 1202. In
addition, lower bank shift register 1202 receives timing pulses in bank timing
signals BT1, BT4, BT5 and BT®6.

Lower bank shift register 1202 is electrically coupled to timing signal line

1216 that provides bank timing signal BT6 to lower bank shift register 1202 as
first pre-charge signal PRE1. Lower bank shift register 1202 is electrically
coupled to first resistor divide network 1218 through first evaluation signal line
1220. The first resistor divide network 1218 is electrically coupled to timing
signal line 1222 that provides bank timing signal BT1 to first resistor divide
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coupled to first resistor divide network 1218 through
first evaluation signal |line 1220. The first resistor
waoelkwsdessset wor k 1218 is electrically coupl ed tBCT/URI0011723

signal line 1222 that provi 3\2 bank tim ng signal BT1

to first resistor dividenet k 1218. The first

resistor divide network 1218 provides a reduced

voltage level BT1 timng signal to | ower bank shift
netirkt1e 81 0w finst fesistor divideiaetwank 92¢8adrovites al2d0ced voltage

fi | uat i [ I ALl . L k shift . )

el BT I el Y cousiced 208 an fiehsvabigtien signal

lihé n220 234irst@falRatdH SigRalEYkLY | 'I[io%r%iaﬁg%'hifﬁ i$t8r 1202'is
wer bank shift register 1202 as second pre-charge

|

e@i%ai%"y pREPlesa tinpig signailing Hi22d thayproviseszo tirsing signal
Lact i stor, divid k

B e b S RS S AR R Bl i ndt® gl PRI fina

losver drznhkrsifi segisted 1208 ds sleiciiu=ily £38plddtoaleRhHireSistor divide
nal line 1230 that provides bank

tim ' | L .
S b et o oo
i L
priswidesstrarfk timing sigeal BPH B sécandylesistoodididevadtwatk 0226. The

s Tesisf LR haliei 28K piditaassiucas iagedavehBTS
tiragpdighalito IBvehBanio skt regdkér @2’02%%%?9@%% %P?tion signal
m e sni

_shift register output |ines 1232a-12
linec 228 ap segepd evaiuatien sig@ EV22m provi de shift

' . i An S0 13 ' ' It
1200 0 et Bebr ShAf RlpChoar By dRetRphd St higher bank
logiespiruiti \288ythrAlgroshiftiregieterambutdiniet 112308l B3 55m 1304 drit
electrically coupled to control signal |line 1214 that

registen ERUEHIAS HE54a-dAaPmanendetshifhregister butput sigrials SO1-
578,24t e 1200 SH L300 B R AL o
AlsaghigBebbanki sEftdegldteht20hardiedttically cagisd & cd@Pd dignal line

tricall led to tim . [T 1216 th
1514kt Nidan SRSt VNG Yo hidha bkt rgister 1204 In
oA 634 AT o s
BT%iEW,r%'ﬁQﬂd%Tﬁ.vi de network 1227 through first

ai vi'dBhkEPad RARysolle B cinghichiiedte bing siagal ine
123li6that proviveslBRk ity AN BES tdRRjket bﬂhﬂghﬂ%temﬁm as

to third resistor divide network I227. The

firstgestharge siangs PR& \woHighes banls sbift weeistar 12@ seelectrically
copggélogg)gtp‘@%g%isﬁ @g@%ﬁ%ﬁ@éﬂ*%? thfolYrIEt 205687 5ighal fine
1221. The third resistor divide network 1227 is electrically coupled to timing
signal line 1229 that provides bank timing signal BT3 to third resistor divide
network 1227. The third resistor divide network 1227 provides a reduced
voltage level BT3 timing signal to higher bank shift register 1204 through first
evaluation signal line 1221 as first evaluation signal EVAL1. Higher bank shift
register 1204 is electrically coupled to timing signal line 1224 that provides bank
timing signal BT4 to higher bank shift register 1204 as second pre-charge signal
PREZ2. Higher bank shift register 1204 is electrically coupled to second



10

15

20

25

30

eval uation signal |ine 1221 as first evaluation signa
EVAL1 . Hi gher bank shift register 1204 is

web@stiod4sal |y coupled to timng signal |ine 12PdT/0R2005/011723
provi des bank timng signal BT4 to higher bank shift
regi ster 1204 as second pre-éharge signal PRE2. Higher
bank shift register 1204 is electrically coupled to
secondeval uation signal line 1228 that provides a

evaldatieal sxgniall tige 1228 ehatfrovidesiangdsiced abltage feveh Bﬂ'Sbcﬁfﬁiﬁg
4 as second eval uation sjgnal EVAL2

Sl@ﬁ?Lf& nigheEhat FiMtsgiterc Alicas beeanid 9@5@%@@90@' EVAL2.
| owepjiaetién f:m:uﬁ 1049 'lssél%btrﬁ%gf c@ﬂ;?lef:l% h(‘)\ﬁ@lelpaﬁl@é‘llﬁft register

shift regis hr oug rection signa
1202andbb erd:varéq thfzhreglsheeé 202 4eropgb\dicketidn segrtal tnes 1240.

Dt Bl Tt 1240 fralds S Seistcriannls GHER BEA BIER,

direetioH eifcul2240 1 1BXer %bhﬁ%hlfpﬂég%téﬁmﬁz éﬁé@nglrfer bank shift
el ectrically coupled to control” signal Iine

regisger 4284 c Atea. slirestign gircdbYREY isoelgririsatly onupleddmcontrol signal

|i:f@%§14'tﬁhﬁ98{nhbg%onﬂbf Sﬁhél%s?ycgtﬁ é%léljo%én%g@ﬂ?ﬁgﬁ In

al

ad:dltloul dlrécﬁlb@ clmuﬁlmﬂrr‘eceﬂ\/és tieshog pafbesdn mrrnh@@wawafm BT6.

line_1224 that des timng signal BT4 to direct
cir cQFr?Ci%G'r%t‘é‘Pﬂ §¥¢ i Seetrically g%urgegﬁ%rﬂwglgnal iine 1224 that

pr@vfo%étﬁrﬁl?\ ugﬁ&'éﬂ?&&r?&@' &&&ch 'o'é{ % ﬂ:ﬁa‘?geﬁglgnal

second tron signal |1ne tha
PRE@udame@tmn cigmitBls! @ isrelegrisalynedupied th scermncbewaiuaitmﬂ slgnal

i H 82 B B B R Rab i Y5 b icui
12 B hS teiFd ékudﬁoﬁl afgnar kvh246 A1Bs %%bti%h%.ﬂéﬁttﬂ% gj%%lﬂ%trlcally

line 1248. The fourth resistor divide network

calpded to faurthyresinien didideoatwarin 246 thratigh ienaluatios sugmi line

h
1 STl B OB T 4b 5 ) SR o tming
s@ﬁél\/lmelﬂ 23 Mhap peidesbank etlisedignal BRego Bt fé§|sﬂgr divide
gnhal to direction circuit 1210 as fourth eval uation

n%*vv@ﬁlaﬂ 291 he foyeth|resigtor givige netyyerkliz46uwprovidgse fesiuced

s 516 St SRR B bR, ot SRR Rl yonal
E¥8L4S013 as input signals AMA 13, respectively.
ogi.c ci 6 is electrically

bank
f ounThe e RalTkogrs ikl 12D el sampie tacenit fegister
OLﬂEQf Rfes $2 N 2120 recéide shift r&=.'§‘<t:§telr g%t@ﬁfél'gHSISVSOll 5013 as

dition, lower bank logic circ
lnpub@gnabaﬁ‘lnyAldéiurﬂw@ctmely| Alsty levgniznk logee dikadt 1206 is

o 8L ESo 19 Y L PR P Bl R Sho s
~AhatA2 ... ~A8, respectively. In addition, lower bank logic circuit 1206 is
electrically coupled to timing signal line 1224 that provides timing signal BT4 to
lower bank logic circuit 1206 as timing signal T3, to timing signal line 1230 that
provides timing signal BT5 to lower bank logic circuit 1206 as timing signal T4
and to timing signal line 1216 that provides timing signal BT6 to lower bank logic
circuit 1206 as timing signal T5.

The higher bank logic circuit 1208 is electrically coupled to shift register
output lines 1232a-1232m to receive shift register output signals SO1-SO13 as
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provides timng signal BT5 to |ower bank logic circuit

1206 as timng signal T4 and to timng signal |ine
wQa2Wwé/103388 provi des tim ng signal BT6 to | ower POENK2005/011723

logic circuit 1206 as timng_signal T5. The higher

bank logic circuit 1208 is e?@ctrically coupled to

shift register output lines 1232a-1232mto receive

shift register output signals SOL-SO13 asinput signals
inplut $ighlaB6A 1r4eAtm: resmaotivelil Slso thigher baraologiogireuit 1208 is

Rl s R L BB Sl S
~AA8~AQespem . ﬁé%loéctn)e‘iy aﬁﬂadd.ﬁéh r@éﬁaMBﬁqé Qe 12q8 is

circult 1208 is electrically cdu o timng si
electrically mut)le@lttoﬁmmgwaﬂmne rﬂ@2§| tgahproa‘blesttommugmgmal BT4 to

ngGh e e phEit 120 38, Biint B 13, Brinesiondsing 1 2% that
phovithey tiraieksibagi BTS td highler baAR Idsic Lirdlin 9268 a8aiming S%I T4

to timng signal [ine 1216 that provides timn

apdéo fignimg glﬁl@ﬁ' e 216 ¢hat repyidgs timing sigaal BiT6; tﬁgwlghejdmm
IOIE% T&ﬁt Jlé’d@%s ?Qﬁﬁg §|@nfa§ Begl ster 1202 and | ower bank

oglr c Ccircui ovi dé" | ow vol tage | evel signals

in aﬁfdees\sesb@ﬂabhlﬂ~réglster~mz and M&rtban;krloglbdﬂcbha 206
thirteen | vver bapﬂk a%dress s 1-13. The | ower bank
PLYYiqe lopeyp! g@rleyg gBAg N 8 Fe%a""r'IQ”EF%grA@ c¥cui TA8Joprovide

tHY Ptk foer bR, R0fln8S 6wé1?’ bbﬂ

direction fromaddress one to ress t een\g?srt%r 1202 and
lower dragk Idglcmumﬁzoﬁqmowdertbeéowem bar&mddreswmnasasm a

roARie PG PTER BT 5D BB PO N Re atg? (e direction

frémdaddress tireeh @5 adaredRarie. ~THe highf? bank siifrddister 1204 and
provide the thirteen higher bank "addresses 14€fg% The an

highghbankiagic siieyit 12@gpEavide loroxoliage levghsignalarii addegss
SREE AL 258 BB b VRe he Hilie B8 Dy B HeER e 1426,

Thel thigees bankrshyft esgistend2e4 medeti mbarrﬁ(qbgdeuﬁmzos provide
addr ess tvvent%r six to address fourteen. The direction

the; ighert bank adeessesid4-26 m&fqrwar%d@%tm irpRradgigseiqrteen to
adid¥aks kn Six E‘%fe‘ij/e%e gi foixgbc%h ra%gﬁéﬁ \AR—:fnt ﬁ{(t%téo%?ess

In [ owner regl s
fosinieen. rTdw ditextiohirtuit B2AI0 prbwdbe ohr’ecmreelgmls DIRF and DIRR
coupl ed to receive

i |1 |
tref R ToRavel oy u Pt stz of opRFAorpdPWaY PEPK Shifh ggister
150AbAd hiGRF Mk@hﬁt%}ﬁtﬁ@?ﬁmna' PRE2 and second

eval uation si Lower bank shift register
1202Ereh ohthe thirkeerbghifteegistarmglia iselettricallp cbupledrto receive

firgP BFer—8ﬂ1ar§iegs.'?gar|1al(|§¥§E first evaluation signal EVAL1, second pre-charge
signal PRE2 and second evaluation signél EVAL2. Lower bank shift register
1202 is initiated by receiving a control pulse in control signal CSYNC
substantially coincident with a timing pulse in timing signal BT1. In response, a
high voltage level signal is provided at SO1 or SO13. During each subsequent
series of six timing pulses, lower bank shift register 1202 shifts the high voltage
level signal to the next shift register cell 403 and high voltage level signal as one
of the shift register output signals SO1-S0O13. In the forward direction, the high
voltage level signal is shifted from shift register output signal SO1 to shift
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substantially coincident with a timng pulse in timng
signal BT1 . In response, a high voltage |evel signal

Wo soopnesasiled at SOL or SOL3. During each subsepgBmg2005/011723
series of six timng pul ses, |ower bank shift register
1202 shifts the high vol tage®l evel signal to the next
shift register cell 403 and high voltage |evel signal
as one of the shift register output signals SOL-SO13.

rég‘\stbh eufpnlt \Mynial $OZ2ahd e6.0n, lﬂlp tbizgal M@lluﬂﬁ@esﬂlﬁ‘r@glster output
fted fromshift I%l ster output sig

SIsml g@@m'ﬂﬂb%gw@e dieetien. tbeg gh vg@ega.l@/eéélgml Islﬁhlﬂed
frbﬁ SN vk i%iéfgilLﬁﬂulSJi%ﬁél S’é(ﬁe E(IS gﬁlﬁsrlép r oﬁ*tgﬁ‘?% igRat S0 15nd so

reve recti age si gnal
onsu o anddndluding shiff tegisgr etiput elghaUSOsll ghviddr exgh3oftthe shift

f SQO12
retet g Sl S ol SO R bR Setdhd FghNotagl ieyel ifing o
sEREh, alllaifs Rdfidtef Sgip‘éﬁ §rgn9vst 9@t1 -S098ars setio RWLIRRR

been set to a high voltagée |evel during a sequence,
lexels.shift register output signals SOL-SOL3 are set to

el 0edOFEREEIBIo PG PR ineRluE s Bl gl bR tow
véltieceveraddraks sighatditr fidress gigabis ~Al, ~A2A2 ~A8 TH’@Iower
The | ower bank logic circuit 1206 receives a

b%‘F f%"ecur@weﬂ%@ WN%a bl vatagRdevehaignal etiene i the lower
TAOTEAR sefy ALENPLE R BIO A 2 cBREEAaRING sBOoP Bl litage

Ievélladdreéﬁ s:gnalsﬂBadJrhes Iscgmls bamk~AE put~A3.gThe Sbovﬁéi- #dnk input

13 to | b
SiGBaent BB CorTasPoRE Ta Bk ma 209 ores ok desReaivRlvgHn one
e PobifEsnt. §Y RlspoRBto §'fﬂ§)ﬁ‘l\lofs\%e |e%lﬁng9?§§ %P 11€ lower bank

circurt 1206 provi des two vol tag addr ess
logiayeieduit 1200 pravidesAwodow votlm,geu lavel datidsgss sxggabL suebAas ~A1
~A2 e o ddre I n re
and o2, 1 pdge R IS e ~eRgrares lowekRabREess g an
re@;pbﬁélé tto 5241§h RORNGS Rsvel wpult SiynuPAIB IS EN Ak @@ib’ SRsuit 1206
i gnal s, such as ~Al and ~A3, in address signals ~Al

pmp@les twoJAsl valtagedevelmgdetessisioasls, such #ai~Acand ~AGeln

nk Ah0ogi ¢
ad‘c?re{s eve%’;}r né‘gt s@%gﬁﬂéﬁgéﬂga%&%\%g nﬁ“ ?\ﬁghﬁ@ws up
to\/lol/vba@enkdwgb cirdait 4266 $emiwhg d highdaitage level it s1g%7al Al13
~A8 ijl ower ddr ess 13. The hi gher bank

ang, PfQV"i"@gutWP 1\@#@9? a0drass Sigwah in Affkessegnals FA1, ~A2
- Sﬁl“éﬁé@ﬁvstﬁ?%@k%*é}??‘%%?-héaéE' of “the thirteen shift

r eg| Ehe highedr|rankrshife register d 204 ynchades thitteen sidfteegister cells
403 1t REGASIBL Hirteen shift register output signals SO1-SO13. Each of
the thirteen shift register cells are electrically coupled to receive first pre-charge
signal PREA1, first evaluation sighal EVAL1, second pre-charge signal PRE2 and
second evaluation signal EVAL2. Higher bank shift register 1204 is initiated by
receiving a control pulse in control signal CSYNC substantially coincident with a
timing pulse in timing signal BT3. In response, a high voltage level signal is
provided at SO1 or SO13. During each subsequent series of six timing pulses,
higher bank shift register 1204 shifts the high voltage level signal to the next

shift register cell 403 and one of the shift register output signals SO1-SO13. In
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signal PRE1 , first evaluation signal EVAL1l, second

pre-charge signal PRE2 and second eval uati on si gnal
WEWNSA0545F gher bank shift register 1204 is ini PCBRUSTIONY11723

receiving a control pulse in control signal CSYNC

substantially coincident witf?a timng pulse in tining

signal BT3. In response, a high voltage | evel signal

is provided at SOL or SOL 3. During each subsequent

ﬂ@if‘dnﬁardJﬁlrécmom ithne hhpldl’@gé leveélghgral kestiftediffdm shift register
regi ster 1204 shifts the high voltéjelevel signal to

outpait signal SA% o %&r%sléter&émutmed %ABd §P QMdipsigignd
mrgﬁ%iérié sglrﬁtq%p%gér St Uﬁ‘é@?g@ﬁeOﬁg\l’g? tljéél‘lé%réé’ﬂ\?@%ﬁﬁn the high
vcbltage iehel $|gnalgs$he‘teobﬁuommh|f$ register SGput sigstal SO13 to shift

t f SCO2 d , .1 d .
bt P SHLET S P50 53 B o ot
S|bﬁ¥éPS®€| dafteicddProf thBesHift Bdyistel bageit sSRvals sogt@bmShas been

fted fromshift register output signal

s@rmfa highgicitege levelpall sbﬁtqﬁglst@@@pumgsds&muﬁma)am]aet to
C n ift register output signal SOL . After
Io&vxﬁlyaoqe %N%Eshlft regi ster output signals SOL-S0O13 has

beenThethigherdbdnkdbgieaditcaiiel 208viatiudes kranbistdr l6§i@ifbeites low
out put signals SOL-SOL3 are set to | ow voltage |evels.

VquﬁQ%ﬁeyﬁb@ddfﬁﬁﬁ sig@icincaddrass sigpals TALI ¥ s.- tFhsT ke bigher
@lg ioéscp EchYdlij?Oé Pé%f\f\%st %grﬁgh %Eﬁé\%@%?fﬁg&ﬁnﬁlﬁpﬁjlé oLf?‘ne higher

er ban
bawig lrcpud: lsrgnallet Al208126amd pesvidesha gbrreepomgag Iset ef low voltage

1ok Raddie3a TS I a0dESs SIS S8porheng A SN isier bark

L I r ~Al |
i A R S ST L u"’?“”i*. %ﬁ?ﬁéﬁ" 152826

r&smectqusb ndh poe ianybmilnmhkn a{e@pmds alkigheroltage level input

: nb hi gh
GBRCADY. Pinbr e (oS RIRGR 1 P8 provifh B8 B kol gef 1eVe?
a@dieeyisignaddth Bddress efgrial®~AaV-pol, tag@ b§%i§he’1“ﬂﬁnﬁ%‘ddress 14.
si gnal s i n address si %yal s ~Al ~A2 . ~A8 as hi gher

Inyrsesronselte g dialn voltage eysbingut signal Al1§h higher Sgekilesig circuit

14584340l Pt oo ARk SRyl dpd s -
~Addr.ess8 ab Gigher batk addré®s 15. ThiScarttinuieghgy tosigker bank Ioglc

address 15. This contlnues up,to higher bank | ogic
CIESUC 1448 TESoVInG adligh Ng t@%legﬁ' ot sigeal Al28 anqhamv'dmg two
3, 9878 AeBS SUTHIOR e MgHAR, 9. LY. - g igher
baisk bddtess dBank address 26. The directi on circuit 1210

Pr OVEHe Sl &S LSt o 20 Bl avidd ngurS‘ 1 GRS DIRF and DIRR to
lower bank shift register 1202 and higher bank shift register 1204 to set the
direction of shifting. If direction circuit 1210 receives a control pulse in control
signal CSYNC substantially coincident with a timing pulse in timing signal BT5,
direction circuit 1210 provides a low voltage level direction signal DIRR and a
high voltage level direction signal DIRF to shift and provide addresses in the
forward direction. If direction circuit 1210 does not receive a control pulse

substantially coincident with a timing pulse in timing signal BT5, direction circuit
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| ower bank shift register 1202 and hi gher bank shift

regi ster 1204 to set the direction of shifting. If
warsao34eh circuit 1210 receives a control pul BET/US2005/011723

control signal CSYNC subst an(ahal ly coincident with a

timng pulse in timng signal™BT5, direction circuit

1210 provides a |l ow voltage | evel direction signal

DIRR and a high voltage | evel direction signal DIRF to

1210 forovides priowi whitagedeed siirection siymal DIRBr=ohdd hight vadtage level

| £ di 210 d

ot S6her RS e A8 BB Bl ES T o BlF Bbton
tim %nﬁ'tﬁﬂlﬂlb JSijrfals BTMEBTE PRovité %%Béaﬂ&g B[ gle§lx€bulses
| ow vol tage l'evel direction sig RF "and a hi gh

E@@ht’tm@aglwl Bdit-BlBirsavidegoap nulmrttbessmrres ofiisik pulses and

d B
iy e AT E Rl Bus ¥ BL OB MR bRl sBRRLETasto timing
siginal BOBses. Each tim ng signal BT1-BT6 provides one
pul se in tgqelpserles of six pulses and timng signals

BT1- BYETWREY Pagraionldowsr barteshiftregistertidfy direplien arpuit
R0, 2 B pRIRY i A PRI einfgg feion signals

DﬂféReanﬂa@llﬁFt:{m highgvaitdgedevelst iDitengonicicait 1810 reﬂelvcra]s a control

- RR DRE t | .

pblsfrf genitel Spbsep YR piftanualy coiiadem wits pisaing puse i
iRy s@haPBirs8o 'd"!sc%‘é?djé alreéﬂcgﬂabnéﬁ‘ﬂr@ wa%\ﬁ%?tagé Yevel

coincident with a timng pulse’in timng s
The highavgitags levet disectiongianalMIRE and ow wrtagﬂ lea(gbdlrectlon

N L TR

12@nkorsdhifting i thes fotval® Bize étith. ”I'Iﬁlé‘@frebtﬁﬂ'koﬁd()}bérbtlon is set during

regi ster 1204 for shifting in the forward direction.
ea% sgfieeef T"@S‘H‘Q)PU@E%FM”“M signalstB BTy Alsehdwiéng the timing

glfse ih % wﬁ%e n%?ﬁm%f.hfarng FASERER .ﬁﬂga ﬁ%é\l 5élls 403 are

urin n timng
premcleangebl tndn@své!tﬁgmleyblsfm 0w Isanfk snlﬁlréglst?&fn’l Z02eand higher

ar gh voltage levels in |ower bank shift
?@E@'ﬁ%ﬁgﬁz hi gher bank shift register 1204. To

i m t Tretlﬁt.é@v%weh?%ahk%mft fedifel $567 | rﬂ%@%’g&ﬁ s%ﬁlgs BEEi pulses in
series of S|xpuse3|nt|mngS|gn S - , a
timing sighalsuBEE-BT6, acrentisll pslsgnalcoﬁ:safl\ﬁghal @8YMQIEsdprovided
smf’t?%% @aqgl' cgohlla |d%%'1vvl &ﬁfw\é\qgt [Plﬁltgggrb nglgﬁgLé“T’ | rburing, the
cERASI s inddttraFSigNal M@@hbéﬁdﬂawb&ﬁb@%ﬂt W%ttﬁe tiRfing

t|mn% pul se in _timng BT1 the i nternal node
mi

PYRg i @g\étgnabﬁrﬂéheﬂmterreajungd@rsrituzlowegchaak@@nft tegister
1 %%"E}é%hg?g%etd §Yo%v volltéHee feQ/gL fﬁ?grﬁal %\@essé'&l%-ém }S?r\{vFower bank

shift register 1202 remain at high voltage levels and internal nodes SN1-SN13 in
higher bank shift register 1204 remain at high voltage levels. Higher bank shift
register 1204 is not initiated.

Lower bank shift register 1202 and higher bank shift register 1204
receive a timing pulse in timing signal BT4, during which all shift register output
signals SO1-S013 are pre-charged to high voltage levels in lower bank shift
register 1202 and higher bank shift register 1204. Lower bank shift register
1202 and higher bank shift register 1204 receive a timing pulse in timing signal
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shift register 1202 remain at high voltage | evels and

i nternal nodes SN1-SN13 in higher bank shift register
waz2es/10|8mi n at high voltage | evel s. H gher bapkr/skions/011723

register 1204 is not initiated. Lower bank shift

regi ster 1202 and hi gher bank4 shi ft regi ster 1204

receive a timng pulse in timng signal BT4, during

which all shift register output signals SOL-SOL3 are

Bitedatiag g&nblt shilti rebisvei duat 6t 4ighvalk SOD-SOYEIN BethMowBi bhnk
and gher bank shift register 1204.

srm%%@éfsiérn aRd Sh@gregtséw qutput sigaalsi SHES @ L3k Bigher bank
sl'ilﬁ%g{sgé[[ Wdl%@ﬁ@r‘ C%lﬁ'r%lg%r%@? dighdi '%fﬂw loweélbank shift

sign urlng regi'ster”outpu
regite s(262 mmatrtshaﬂ a)h/@h \witakged&vdlt as e'gemadanodé@@r@lhsm is ata

shij f out ut si.gnal s er bank
cihvotacecBvat efodshan SuflTyiterdo0R prous td gk yarage
leYEDH uﬁ%nansmvv@rloﬂaﬂbaﬁmdgﬁc Eﬁ&jﬁ@% 1202 remai ns

at a g?h vol tage level, as internal node signal SN1

i s afha lower hank legic ciesui 12Q6ard highek bahkﬂmguc eucsit 4208

2R S0 e S SEEL  e HRE 0E s

1252t uThe 1iRdiAg @nntdwnqmmgtsagw IBYE pre%hfsqbgucle’&%anon
receive the timng pulse in timng ?nal

trapgistorgfrgn HUBIGah 1 Iwer bank lagia oisout 12®ﬁeaﬂd MIQ’FQEF bank logic
cikliSf0d i ﬁégnﬁo‘aﬂﬁénﬁﬁs BLAN 'fﬁc—:?‘tnlnbﬁﬁu %% @ﬁ{lﬁé’ dignal

transistors fromturning on In
BE5y andl hoﬂﬂfwtlmmg ﬂmllgélm tilmintksigngl BT4 thaUaddrb%@&nek n252a-
enbodi nent i's durlngthetlmng pul se in
1?%?\@@69?@ 8?5 and not the timng pulse in timng

si gnRbxBTdwert Btk I%@ﬂf@]ﬁ:’intl zr%%@lﬁ@er Ea%ﬁ@'ibg?ég'écuit 1208

pre- charged. Next, | ower Cl rcul
rmewdheﬁmmnglmgseﬂmﬁlm g Slglla (G2NG ‘@c’mrw entlo@lctevaiu:@lon

T B S BBt ol B
smm@gusﬁ- &Mtfﬁ@ﬁhl\sﬂ)i @gﬂo\}vér\/ﬁénlﬂh'pm sgﬁgl Atﬁén@iﬂvﬂ)%ltage

gnal SOL as | ower gut sig

leV%h ghif segistas ougpitisig rraésg,; SQ.?e Qi qmlow@ir@mksn@ms@@ls Al2-
ARS, [P, h RRdbored RN A ol s SRBB Aol B

adxﬁdsseimeé; lcrwmspondm@Stpdo\dl\mgag@ ldvavadatdsagsigh4l¥ @h lower bank

dress flnlower be\%k address 1, to | ow
P38 Je!d lobe YatagegvelsgHdie Waher bans logis eicait 1208mceives low

vdlt%@@' Ié\?eﬂ éh‘ﬁ’f"ré@%l%ggﬁw%‘égnag g1l -$64 'Ssc{seﬁlﬁﬂ?rt Bk input

signal's nput” si
signalg A 4-A 26 cndabeesnudt dischainge gay @ﬁtheoéddirless diclds €9522a-

1ééznes 1252a- -

Each subsequent series of six pulses, shifts the high voltage level signal
from one of the shift register output signals SO1-S0O13 to an adjacent one of the
shift register output signals SO1-SO13 in lower bank shift register 1202. Lower
bank logic circuit 1206 receives each high voltage level output signal SO1-S013
and provides the corresponding lower bank address 1-13, from lower bank
address 1 to lower bank address 13, in address signals ~A1, ~A2 ... ~A8. After
shift register output signal SO13 has been high, all shift register output signals
S01-8013 are set to low voltage levels and address signals ~A1, ~A2 ... ~A8
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1252h. Each subsequent series of six pul ses, shifts
the high voltage | evel signal fromone of the shift
WO e@s40865 out put signals SOL-SOL3 to an adj acePCT/OR®O®11723
the shift register output signals SOL-SOL3 in | ower
bank shift register 1202. Lower bank logic circuit
1206 receives each high voltage | evel output signa
SO1- SO13 and provides the correspondi ng | ower bank

remgihestarded & hbhm@ltbgbﬁévéiglﬂlhle%@dhéfié?gld clréuit %Wﬁmalt@:ﬂlégam or

address 13, in address sig

addresp |'§‘ﬁ{5falre disghatgad %f%lﬁ ngh@ﬁ thS@IBefrh%mbeen hi gh,
al | aFoe?béﬂa‘ﬁBn %@h@fg&?ﬂagnﬂaslhﬁt %%stgpﬁofﬁﬁggﬁén Efcuit

| ow voltage level's and €ss Sl
1218 recsives aluamw@utse |h|tgmmg®|grwme'n4et‘oqire dhalrgs direbifon signals

DR sk IR by oo e ie orebHn ek T1AkeCR S @ control
ul§é‘4‘@Egnf?&%lgﬁél@s?f\ld"'él%ﬁénﬁ)aﬁlg‘%oﬂlhééntrvﬁm ?ttigrhlné%%e in

direction cifcuit receives a timng puls
timing signak ghalto BMhargqodleeqtimmrg@waiuDI&R tooa law goliage [BveR

d.Dl R t l. Di ti t
DfS&en Sealil el ErabNasCr tmuid Btk iEthTG el RIP arswith
dlﬁé’éiﬁihaél hal DIRFE at a%\ﬂ%ﬁag‘e 1dveR dife®tios sijHa? OIRF r’éhﬁlﬁ‘sﬂat a

gnal BT5 to_discharge direction signal" DDRRto a

h'QbIVlOéIQ@eII%\(ﬁéJ Theihigle vpbroe levelidiredtiprosigealddiisand Iow voltage

el BB S5 YR aRERBah BT AL G ban
sHift REgisterei202 fat shiftirigoin tite lfomead direetion Tfﬂﬂehin@btlmbﬁ‘ @peration
| evel direction signal D RF and | qw vol tage | evel

s et 641inG $agh seHES Of HRIAE PUISeRAP EUAK SONPIR BT 4 B eflso,
d%ﬁ%ﬁ%ﬂ?‘g?\' Se Rt n@élbﬁq{]@% Sl fhterrfl hobBS S?\Ilq'ir{ §l’nﬂ9eg|ster

dlrectlon directi on of opera
célls 408 anajpnen@wafged 163 érgre\solta‘getlemlegw ane?etmnI«smﬁt megigter 1202

' | the tim | i
o) Fiehs” SPGR shieget 1208 er nal nodes SNCi hoshi Tt
regipé ‘ﬁ’im@t@' Hl@hé‘loé"lan?kr éhﬂrr@gl@fé'm%q ih $hél hek éé?l?sacﬁeslx pulses

| evel s in | ower shift register 1202 and
inimningstignals BéfdrBTé,ra co0kol pse in eontrad signgth &S\Hﬂﬁus provided

s b Sl S0 SHaRer Ul B a2 LrhEontol
puis@ MakoING i Gsmcowbsﬁama@@bir@udehmmmedﬁnh?\wéb in
the timn ulse in timng signal BT3. The contro

timindssEonay fueng whigikihedstaoalsinsia BN idischarges tea dewt
v%ab% Ié?ﬁ ﬁ'hm % r?%lﬂk oﬁe F@@%ngﬁ'agﬂgs %ﬁyﬁgdg%@I\PﬁSNB in
higloét bayrek skiftarbgisterhi2fiderentsin lat &g Wolta@gl levels ahdUAternal nodes
SN? t§N%1 g Im o(\)/\;jeer anhlzsh%t\lreglster 1202 remain at high voltage levels.
Lower bank shift register 1202 is not initiated.

Lower bank shift register 1202 and higher bank shift register 1204
receive a timing pulse in timing signal BT4, during which shift register output
signals SO1-8013 are charged to high voltage levels in lower bank shift register
1202 and higher bank shift register 1204. Lower bank shift register 1202 and -
higher bank shift register 1204 receive a timing pulse in timing signal BT5,
during which all shift register output signals SO1-S0O13 in lower bank shift
register 1202 and shift register output signals SO2-S013 in higher bank shift
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hi gher bank shift register 1204 remain at high vol tage

| evel s and internal nodes SNI1-SN13 in | ower bank shift
WO e@sa0as5 1202 remai n at high voltage | evel s. POWER2005/011723

bank shift register 1202 is not initiated. Lower bank

shift register 1202 and highé? bank shift register

1204 receive a timng pulse in timng signal BT4,

during which shift register output signals SO 1-S0 13
registec H204elischarge. gEBh\fbfdganer betpet signal SOein Higtndr skl $hift

1202.and hj %Ift regi ster 1204. )

rqdier 1 BRATSRRIT ot 2 b aIB83 evelnaneF Ghemaaedeinal SN1 is

e |
oL ISR L 5200 1 01RO orage

legellowpus sighal S tohighkersivarik logmgplsauﬁrmﬂ&)z and shift

ShPr S e g BELBER BRRLC 6 S nidhe? AR ogie Giewt 1208
rédegmiheaﬁﬂmgrpm@ irefimby&ighall BT4 (@ presbRargb2HH ré§§ﬁhé§1252a—

at a high voltage |evel, since _internal node signal
128h.j Ehattlnang %lnttag@m%mal BT preventsdewiosenaiyation

tréﬁ&bﬁﬁ’ggé‘?ﬁﬂ‘nﬁ{g ] ﬁl1e| E %I(\é |8|r é ?2§§é§d hlgﬂ'éé)r%ank logic

mhnmieﬂ(lﬁanh brm@embtndnment it Mﬂlﬁn{gldwéltlghﬁig pbiBkn *tlﬁﬂlhg sn nal
8.receive the timpn Ipuselntlmn

B & 451 ngt D BMGePUlsRI dang HaSahBEathal sdgiess Tes 1252a-

1252“ BfE P- §ﬁ‘ar§€dt' mng signal BTS prevents |ogic
eval uation transistors fromturning on in | ower bank

| ogi Nest, lawen bamobgm«zirdw@ﬂﬂﬁ arzchkighegbank ||asgw clredi2 9208

eGPl Imird ehattira Il ofUpde Siatiationng

trahgs@rs BTAe Hi '8
rpr% Cl'I;Sar geg ){tmolwgiré dlﬂcnﬁq%ﬁéjgé%ll\,%%éﬁta m@g\éog%% level

stHit gagistas auputRigral SO € @sthigmrdankdapvisighal Aliltiang low voltage

legglgsﬁggt Srg%&{e'ino?%oelﬁ'hs‘@ﬁ% %@@1 ésrc‘ h@[ﬁplg g%'pﬁ 'ir%;g's?ganta{lsoﬂn 5-
AR6¢ edspeetionl. Hin gésp@sbaﬂ@lie@%ahk $yit tiregigl 308 bcﬁ#’él? Bulls

nal, SO1L as hi gher bank input signal Al14 and
a%%ﬁ%é@% e%TeS@ﬁnfitngrt@g]PWtV&lta%ﬂ%\(ﬂ agdepes) %grwanstmer bank

weBL 21510 BAYOIRB Lol bl i SRR 203 loes
lomﬂdl’@g&ddveiﬁnﬂt regaster output sjigmats 8Q 1:8011Gvasviolveadank input
SR AT A e E S e S 12t 252n,
;F;ﬁ%?(?gh@é’é(%l@n& §9ﬁe§6 %Sk%&s} rs]gﬁ@' tﬁé?fngarf%lﬁg levelsignal
fremengoeithashift register getpah gigoals $© 1a80r aste the next one of the
s%?g@sé?%u?put signals SO1-S0O13 in higher bank shift register 1204.
Higher bank logic circuit 1208 receives each high voltage level output signal
S01-S013 and provides the corresponding higher bank address 14-26, from
higher bank address 14 to higher bank address 26, in address signals ~A1, ~A2
.. ~A8. After shift register output signal SO13 in higher bank shift register 1204
has been high, all shift register output signals SO1-S013 are set to low voltage
levels and address signals ~A1, ~A2 ... ~A8 remain charged to high voltage
levels, unless the logic circuit is initiated again or address lines are discharged

by logic circuit of the other bank.
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Each subsequent series of six pulses, shifts the high
vol tage | evel signal fromone of the shift register

WO aop00548% gnal s SOL- SOL3 to the next one of theCEOBIWN5/011723

regi ster output signals SOL-SOL13 in higher bank shift
regi ster 1204. Hi gher bank 18Gic circuit 1208 receives
each high voltage | evel output signal SOL-SO13 and
provi des the correspondi ng hi gher bank address 14-26,

fr omdri;iegme bpeltaltiadcb‘fesweﬂ%rﬂmﬂﬁﬁgi Bté;?{ﬁOZ@ﬂﬂb??%eﬁés of six
i n addr.ess sj gn ~ ~A2 ... ~A8. er shift
pPES? 4 85"“%?59%?&@6?1%11’63@1@4'%“ Girgwib A 2b@ Frcalyeg a timing pulse
_ ; i ol L ohi :
e SO E TP EREGR lbctBh s DIRREVE} BRI Ridh
veltapeeleyelsi doisgctionsdircuit-1@21 0, receivas ar lemmioitagiedegeictantrol signal

cBYNG $EbsETalv S SinBstif a8 fining GitsS it kg SeabpTS to
mafgthm da'récqréhtsigﬁaltmezwtabsnqigqﬁgdgtodgé l_éeéﬂ?fﬁi?eéﬁaﬂéﬁdu?w 210

of | ower bank shift register In one series o
regejvesa tedng pulserin dming gignas BES arE@maith direstion signal DIRR at a

LT Cu [ \€eS: in. in timn i gnal
G oltabe vl i ekt P RRE e e 1B tage
leeghTve Idvageltagey lelvel difbctimi dignal DIRFUARd hRiHOvdIRGRI 868 2

low voltage | evel control signal CSYNC substantially
digestiog: IGRA] DR S8t M gl hdbragister 420 asr dvaherbrmieshit

. . el OFL i @ hi b, ta -
RS P R g MeRRerss fiediont, M lind i onaration s
sétrduringi eaphssegies ofBifGingrlilsed in tohingctigreais BTYRBTE DIARRD, afuring

trg Gngnilee ofmnecsioaith el iloial foes Sobirant sggister colls
403 1epredi2664 8 hijrosHage! IBFeId ldv,\'/eﬁ‘fba\sfﬁdI %r?@ ‘f«aeégléfé?'g 202 and

direction Signal DI RR set [ower bank
highepbamshiftgrgisteratdOdshi ft regi ster 1204 for shifting

in the.re ' ion. Th i rect.i i, ,
o LEfBNSTebRRTE SbRIeoliS, 02 heedt sShes Phaikpuises in

tiraingreiysal S BIFBBE6, Alcdatrofptlsatn EbRtrdli g%%ﬁw,cmﬂ(ﬁ is'brovided
timng signal BT6 all internal nodes SN in shift

subsignitadly comaidentygth thediraingrudsin tiring sjanaldd T hgdhe control

PS8 S A0 RO g 0L B AR g G se
timiegi sigreal BIPDthe intdrhal medd SBEIBiinsowér Isank shiftsegister 1202
se I n contr

disotiaes Esow ioliaae sl TG BAdeB N -SHidndewer banlsshif
el 2V Sf i (OBGReRE8 N el TR SRSl 9
highembartieshift regigteri20d nemain at highsiaitagk 18%lst kigher bank shift
re&;% S Y4 irslondo? irﬁ’{}gteédi. n I’ovver bank shift register 1202

Lower bank shift register 1202 and higher bank shift register 1204
receive a timing pulse in timing signal BT4, during which all shift register output
signals SO1-SO13 pre-charge to high voltage levels in lower bank shift register
1202 and higher bank shift register 1204. Lower bank shift register 1202 and
higher bank shift register 1204 receive a timing pulse in timing signal BT5,
during which shift register output signals SO1-S012 discharge in lower bank
shift register 1202 and all shift register output signals SO1-SO13 in higher bank
shift register 1204. Shift register output signal SO13 in lower bank shift register
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di scharges to a | ow voltage level. Internal nodes

SN1- SN12 in | ower bank shift register 1202 remain at
whk@h/10335% age | evel s and i nternal nodes SN1- SNEGI/UR2005/011723

hi gher bank shift register 1204 remain at high voltage

| evel s. Higher bank shift reéﬁster 1204 is not

initiated. Lower bank shift register 1202 and hi gher

bank shift register 1204 receive a tinmng pulse in

1L0Pr8G VAR h%molﬁgtfl |@@elm@mee itehnat Motk s@%@hﬁs is at a low

out put signals S pre-charge to hi hvo
vokage levieh L@w@r b@@ﬁﬁhlﬁrregtstere‘gztb& rovies 2 anlmlghuvgx?tege level

shift register
?%g Si(ﬁgﬁﬁ Iégfﬁri)%ﬁﬂ#?d]r\ggfzgl?325§204 receive a
tim rmenumebank 1dgic oigeusit Y26 aRd highBibang [vgic Dircaiti1R08
regi ster out put signal s SOL-SOL2 discharge 1n | ower

reggive e timindeeilise & timingpsignal BI# te pre-chaims addiess lingsid252a-

1%ﬁ5$aﬁeﬁﬁln§%é ih ﬁ]h%eélgﬁégﬁgfgmé\fen’ise% ﬁ’{)an l&e;rﬁoﬁ )

regl st Er out put srgn ower
trangiskire ftb2® Aurnigngedm 81 lawen biaing Hogiolciragié 1266 @ind Higinerebank logic

o SHEA 288 €6 BRlrD ing Biie,PulsRda ErinG Sorgh ET5, and not

tﬁ@inhﬁggepulgé Y tlﬁ’ﬁﬁd3§bnél g1al dé@l@whﬂ:h' SRIBEsS ks H252§-1252h

circui't 1206. The [ ower bank logic circuit 1206 and
pra-ghaigebank | ogl c circuit 1208 receive the timng

7250 N Jouft B RREbigtaC 16 & B W R B g 1208

reePEEtHestirnip@ sulsey Bl tidirigPSigh&PBT6 $6 QUrA df 1BFIcteValidtbrPN
n | ower _bank logic circurt 1206 and hi gher bank | ogic

tr'@nwétﬂrﬁ iﬂ.ﬂ@éomh 8hie logig slieyib h206 reneivasnangyhighl witags level

sﬁ.ﬁ%gfét%gggﬁégt ggrﬁal %@;% Q| 8‘@(922@“?? B@gm’%ggﬁﬂcﬂﬁ

voltaga:leaegmﬁt h@ngterlanmwt éumdg% gl&M-SO:iZaﬂ]dWe;kmmndut signals
ARLALES iRSReeivey- dngraboses Tows bk lodia it 1408 detivelpulls

ablf R mker éorr??,b%r{d fo |Bgnko %' Ién&'a{o‘a‘r‘éés §1§H§Is in Iow?r bank

recei ves one i ft register out
aéﬂ@sal 13501 B)vwasoltagmlevblsn kThlenblghes bgnlalogkb d:@cmhﬂizm&vecelves

I [, .shi f. I -S01L2 .
vy i eranit fraretel ARl S o S SRS hiehse Pk nput
sigRSRONEE.-ARBVETd @@é&%@%&@é%@lﬁ@@défééﬂ%\é (UL RS

address |ines, corresponding to low voltage |evel

-ess si gnal s in | ower bank address 13, to | ow

¢ 2980 SPELGuy 6ok 0B RS PRI PG YO ever sgna
frempmvee of (halsHiDiSgisler bugh g sidradik SOMR8D 13 to the next one of the
shift register output signals SO1-SO13 in lower bank shift register 1202. Lower
bank logic circuit 1206 receives each high voltage level output signal SO1-SO13
and provides the corresponding lower bank address 1-13, from lower bank
address 13 to lower bank address 1, in address signals ~A1, ~A2 ... ~A8. After
shift register output signal SO1 has been high, all shift register output signals
S01-S0O13 are set to low voltage levels and address signals ~A1, ~A2 ... ~A8
remain charged to high voltage levels, unless the logic circuit is initiated again or
address lines are discharged by logic circuit of the other bank.
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signals Al 14- Al 26 and does not discharge any of the
address |lines 1252a- 1252h. Each subsequent series of

W@ Ro0sp0d4ses, shifts the high voltage | evel si gpel/usr005011723
one of the shift register output signals SOL-SOL3 to
the next one of the shift ref§?ster output signals
SOL1-SOL3 in | ower bank shift register 1202. Lower bank
logic circuit 1206 receives each high vol tage | evel

out pln raﬁegsmbpé@lroﬁ@fh@h&f hantvshifé sedibter 4204 epsHsdries of
addr.ess m | ower, bank address 13 to

S'P‘cﬁmée&‘g% %5‘@0‘?'%%%'3 13_11‘5 ﬁTQda&f eelionsGirpvifl 12 10xeceivega timing
pﬁléé in ’ﬁfﬂlﬁé sfﬂHafl BT89! E%’ha?#’é HHécﬁdrgéﬁ@halggllﬁg%gg?ﬂﬁF to

shift regi er out put signafs are
h@étvqltagedwe,lel Dipetibn wityit 42d0 adckiess as’.m\gwaltageMvel control

| |
SighALCS YINGe SBS Rt AN Eah &t Rtk atiniog eile in GrmgiionalBTs
td inBefair dratiteahageabIRR Jatoéih@m dli‘a‘g'etle@él tm?‘e&bherﬁrcmt 1210

bank.In reverse operation of gher bank
recedjiest @ HminwpUIserin &g signes BI6 arndwitly Mgestummsngnai BIRR at a

h@h%ﬁe@% Bgr(?d fiﬂé&%ﬁ élgﬂ gl‘l)fl%f‘rg %%g(r)eértgct?:toves tage level.

RiR
Thlée ﬂmNohagsi@MH&e&lcRF%lgﬁél DIRRFah@ higlotolkld RroEl clllrectlon

i ev'ed) ctign circuit 1210 receives a | ow voltage
sigag ﬁ%% W%rﬂzﬁﬂ‘t!ﬂ S'U%W@lsf@ﬂBg%mnddwgbercbﬁnkcw&ﬁeglster
1%!?% @gﬁ%ﬂ#ﬁ%%tﬂ%‘*@%ﬁg‘dﬁééﬂoﬁg 'ﬁ‘l %@1} G%FB{K% A &bt during
edilr seriesoof tmnmgpmls&SZitOﬂmmgemgMMﬂﬁ BiT6g Adﬁd) Steeitiming pulse in
tihih o oL BEE o Ger T SedenSNbin ik repisieibols 4RS are pre-
cﬁblrgéb% BRfh Veltayd 1IBVENSGh IRES b fgt’ E@@ 169W2b9'§|‘ﬁ‘agl’ﬁgher bank

| evel direction signal DI RF and tage | evel
Sfdﬁﬁ%@'ﬁtetﬁrﬂ%nal DI RR set | ower bank shift register

204 f hi f
ot FE MdheGher il Sl o yRPEin Hn e Sasiaiatishh Buises
lnltfmlagts@hsm BJ 1eBT6, §ebhs| Milsé iMmtardl sigis ASYNENS Reovided

nal s BT1-BT6. Also, the timng pulse in timng
sgquallg-p@lrmlqierptmlg}m tiiggaxIssnin iming signaldgiT3t éhe control

oS g A SR AR AR S i

tlmlagl sigreal HIZDthe internal hody SNMBgh digHermankshift régﬁﬁbﬁﬂQM
04 in th nex serle 3_1; six pulses in timn

d'§9 ges t‘B"l* O 9! tage&% temal sedes BN '@l"@hﬂr bank shift
t
re@}%\ﬁ ple] erﬁé(lhda?q'] VélEagq@ I'e@{ellsé]rg}hfflﬁhg% $N1- 13 in

g pulse in t| e con pul'se
lowar bank sbift reigiptei 121‘12&(1*@1&0@@ valtage leaelsculdmér barkhshift

re& ?ertﬁaf i rPolflmlF ater&

Lower bank shift register 1202 and higher bank shift register 1204
receive a timing pulse in timing signal BT4, during which all shift register output
signals SO1-SO13 discharge to high voltage levels in lower bank shift register
1202 and higher bank shift register 1204. Lower bank shift register 1202 and
higher bank shift register 1204 receive a timing pulse in timing signal BT5, all
shift register output signals SO1-S0O13 in lower bank shift register 1202 and shift
register output signals SO1-SO12 in higher bank shift register 1204 discharge.
Shift register output signal SO13 in higher bank shift register 1204 remains at a
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timng signal BT3 the internal node SN13 in higher
bank shift register 1204 discharges to a | ow vol tage

wo ewsl1054551t er nal nodes SN1-SN12 i n hi gher bankpehi$1005/011723
regi ster 1204 remain at high voltage |evels and
i nternal nodes SN1-SN13 in 198wer bank shift register
1202 remain at high voltage |evels. Lower bank shift
register 1202 is not initiated. Lower bank shift

hléﬁgbﬁé\,{é le%%p%lrﬁ%din{érﬁaﬂﬁodﬁéﬁbnémm 3ieat atlew vb&@ge level.

a timng pulse in timng gnal BT4, gS
Highercharai shnﬁhegtstere‘g’ioﬁ provisiegsghe glggﬁlgqltgggdﬁv%gygout ignal

e evels in | ower bank shift
S(S%%%%Sg%eigggnﬁgcﬁﬁé 2qgggnk shift register 1204.
Loverhdriler painktiogie wirsir 208Ghdaighé ipdeic Idgaamklr@hm 208
regi ster 1204 receive a tim pulse in tim nal
reBae thé timing puisednitinEn SRahTAtogSrehags 24 es 1252a-

13Ty aﬂ@@éuléaﬁ%@é&%ﬁ?éﬁgﬁﬁggﬁ*&f‘&%@?@?‘ﬁg{‘er
tréRfdtofl Semaugting Shiihtiowegbanleloginucipnuit £2Qghand Bgier bank logic
Cirko 298 | Bane SmbRUETeTh Bindrmi e Trikuflisdihfhing siopal
B+5’%ﬁ’o°h$?t?% etlrﬁlylgﬁ)uléé HEhirked §n§lfBT4 dRIESS riesl 2082a-1252h

provi des vol tage ['evél output signal SOL3 to
al’elm‘barhdngeﬂc logic circuit 1208. The | ower bank | ogic

(r: Ie (r: C q%ﬂie,ﬁrtl?a%rh |Bg% c|:||écé1ﬁa’{2f)6! %ﬁﬂ ﬁlgﬁbfﬁ hif( loﬁggitrguit 1208
reldk ectﬂért%néqm&sﬁ\ tirhmgssl BF6 2t onTogictevaiuzdion

pul'se in timng signal BT reventsI0|ce al uatjon
tramsistorst dhe hngrmﬁhamkdpwg QU 2P8viereiug: Qnﬁzﬁwlavoltage level

2
e i i
Véltd@é‘gV§l| él’ﬂmre@g@r caitglitrsignals 8Q - Sm@ grihigher hank mm@
gnhal BT4, address I|n s 1252a-1252h re e ’FQIOS
SisbA Al Grbi25p oo B Feaneroe soanan ok Biels SRAHT
ét% nf Pﬁl'gl_%&?rres%%ﬂés O&S?fésg)%nﬁh% fol 1B ?bﬂ@vél%oﬂlréésﬁﬁgnals

urn eval uati on ransi stors
mﬂhghbr il adidmeiss |26y ita layw veltage leges. reacionss bank lpgigieircuit

vol tage | evel i ft I.S

P e ion v o YA Bllny B ST 8000 as tower
bRk fdput & n%\isem QAL ANE deBd et Sith&gb2ampsohihgheddrosslines
Input’ signals Al 14-Al 25, respectively. In response,

125@@625Bhnk I og| c circuit 1208 actively pulls address ‘
SI gngagﬁ Sl ﬁ? l'l]%l'll s%gﬁé of 3%“|9€§%’?1‘?f{céoﬁ]\é§k\l\'llg@gﬁt§gé level signal
froRY 8hé of Heshinwegistarrdutpagiignals 1SS0 13 to the next one of the
shift register output signals SO1-S013 in higher bank shift register 1204.
Higher bank logic circuit 1208 receives each high voltage level output signal
S01-S013 and provides the corresponding higher bank address 14-26, from
higher bank address 26 to higher bank address 14, in address signals ~A1, ~A2
.. ~A8. After shift register output signal SO1 in higher bank shift register 1204
has been high, all shift register output signals SO1-SO13 are set to low voltage
levels and address signals ~A1, ~A2 ... ~A8 remain charged to high voltage
levels, unless the logic circuit is initiated again or address lines are discharged

by logic circuit of the other bank.
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1206 receives |low voltage | evel shift register output

signal s SOL-SOL3 as | ower 0 bank input signals AU Al
wdadoanas4ddes not di scharge any of the address PETES2005/011723

1252a- 1252h. Each subsequent series of six pul ses,

shifts the high voltage | eveP!signal fromone of the

shift register output signals SOL-SOL3 to the next one

of the shift register output signals SOL-SOL3 in

hi ghg{ opavalion hioler bagik Sheft rég?sﬂér 1§oz+isa|hﬁraté@mﬁép@ﬁuenuy of
circuit 1208 receives each high vol tage | evel out

highgh hpnisenifiyegstent2os tﬁ/pmfﬁiq l‘?é’edf(’ﬂaﬂ QedreRIes h18h@|address
14
SR AT g7 Eln 467D ERTLLEr I Bk BReah, Sy pigher

bank shifiGregitéret2Ghisfinitiatgl mtiepenwdiérﬂbyt oﬁo@@ﬂbaﬁ@&hiﬂﬁeglster
1g@é]her bank shlfbtar i ster 1204 has been hig

fq Proyifia highep dér%%&ﬁs 4s¢4) Insesldress élgf@.ls ré\h o2 -
~X8lik %ﬂﬁeﬁtﬂeef‘éﬁjvémaﬁdrg QFgeed"l?ec?Foﬁg 6)'il?o “I&}lve,' Iggéi% shift reg%?ter

remai n charged h vol t age
1203 ican bieriniliated ené fiirta aﬁterdara:gjbeﬂoaepadtﬁd@sgememts loaver bank

h by | oqi ' [ f K.ln
adiyERaEs o3 AR ons Alonels TR o s o503 Neher ik ik
régﬂﬂép ¢p0g hhbedhitidtéN8he Hﬁ@‘aﬁé}* droth&ioSk éaﬂe%ﬂﬂgéﬁ’erate

provi de | ower bank addresses 1-13 in address si‘ghal s
higher barlaaddressead 4r26 &1 addiess 1sigriads whi d~B2 .r.evAl.stn addition,

o it i@ dafi2 can e Pllakod Gk fls boiel fely gadresses
141250%1@1 @zﬁ@bedalldwgi] BY |Hﬂﬂ@ﬂﬂ1§ﬁﬁ@hes bask sHiftdegisteratiZiers

al s ~Al ~A2 ~A8 in either the forward or
9?@[@?%5'9@?!“ @é‘f‘k gﬁdrqqsgg 14-20wQT BRRTNERSR: T t register

1202 .

1202 RS B L f s st
1mQIaad$owe|gbmhlslogMc1rcuﬂA@06 andAtﬂgIa%lcbénlgﬁﬁft régu‘feter 1204 and

. r t 1 nitiated on er .
nighet henk fasis Sl 220 Weldratfe neat Ree’ B clrTibsad die 40.
In%th@@eh‘l%o@ﬂﬁéﬁ@slo‘é\bé}rﬁﬁrﬁ SHif registe? 1202 anﬁaowb[: bank logic

dition, |lower bank shift register 1202 can
CIrcruﬂt 1 %ﬂﬁa@rldmlgberd@mlesmfiweg|stﬂn1120&oambb|gber banig |ogikh cictuit

he fo tiat] hi gher bank shi ft
140 B et pegacaist ierk Farh ol PHRRAY din 205 44 thesesgtier
e@bodiréntserwe direktioh ettt 2 T®hRSpidiited, dne&idaricich of lower
embodi ments, | ower bank shift register 1202 and 1 ower

bapinshiftsgoister 1202 and lpver bamk lagigitdieuis d@R6saNd higher bank shift
rqg?sQéP’iEM 28+ e@éﬁ Hytr%%é.c%%hn @ﬁbc circuit 1208, are

cat ed near ervon printhead die 40. In other
enboElgmwﬂS is halegrabaitiistabing diregtion ercult2 arThé aiettion

CIPCUI'E 1210g includes a reverse direction signal stage 1260 and a forward
direction signal stage 1262. The reverse direction signal stage 1260 includes a
pre-charge transistor 1264, an evaluation transistor 1266 and a control
transistor 1268. The forward direction signal stage 1262 includes a pre-charge
transistor 1270, an evaluation transistor 1272 and a control transistor 1274.
The gate and one side of the drain-source path of pre-charge transistor
1264 are electrically coupled to timing signal line 1224. The timing signal line
1224 provides timing signal BT4 to direction circuit 1210 as third pre-charge

signal PRE3. The other side of the drain-source path of pre-charge transistor
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circuit 1206, and hi gher bank shift register 1204 and

hi gher bank logic circuit 1208, are not be | ocated
woeas/1esh ot her on printhead die 40. In thesePCBUSEN5/011723

enbodi nments, two direction %IfCUItS 1210 are provided,

one near each of |ower bank7éhift regi ster 1202 and

| ower bank logic circuit 1206, and hi gher bank shift

regi ster 1204 and hi gher bank logic circuit 1208.

125;1&{% éléﬁ@lrﬁ:ac!lly cdupleabioaond hi!desif thae dragnﬁlogmﬁt path afiavailiation
e direction circyit

ot 5 S5 o U TR 014 2

pr@ﬁggg fe@%?se@ﬁéct:o?hﬁgﬁﬂ"@ﬁ@? tSltHeEGAt QST thé gé\ﬂirsé idf@etion

es a pre-charge transistor 1264,
tra@swtmahumhtsmﬁhseg;sm cemﬁsloam bankahift tﬁgl$tﬁaﬂ802ta@d higher

1268.. The for d
pagk Ut Exisige | EpAnd e oo pualodfBl o3 ERF o hHedfighy
coﬁﬁ? RHe 2vaRliHtiodl sighalinestaes thatdrovides thetredacet voleage
the drai n-source path of pre-charge transist

|e\m®4r5mmm gignal toadiragtion el 1240 @srhing eypliaiien signal EVAL3.
4. The t
Tr; gher S B AP etiBre BrlfEer AefA LA T208 s
elé&tﬁc&%cﬁ@:le‘d enile MRAEBsolite mithef contlel tednsister 1268 at 1276.
drai n-source path of pre-char ééans eg?ézm IS dt
Thel @r@urr-rs@mqe)pattb@épeatrpbtrm?ésf@?g% fS gike lieellycpupled to a
reﬁe?éﬁ%(?o fﬁu%)‘laééj H %1{1?2‘7? STRE ghfdbf (Yd)lﬁrcq 'tl’a(?l%@té’rm 268 is

I ne rectlon S|gna I'i ne
elédteigaltlesoupled t@uentsel [hier 214 m»rresegaeqonmlomgnel GS@( Nfat e

?ngﬂfeeé%iérﬁ’ ohe FEe Be datragires pafh AR 3sbé ransistor
og#% o1RaRKaMNESTPIEE % Shithg 3RAA4! lifhe2a4t Fhefother side of the

uation transistor 1266 is electrically coupled to
dr’almescmmé yoeattfn pre-shgtm tramm@ton:l%o ishelectically geypleddo one side

ed d I i 0] | - di i .
or S50 BB 5 Sle E R oL 72 iR ine
12402E T TiSe HReOfior Signdr e 2404 ?mmheffom’dttﬂr(ecunn signal

transi stor 1266 1s electrica coupled to

DifRfatothecgateef fae Forvrard diiesiin traaﬁgﬁogﬂ%ﬁaquéé%ﬁgmen lower

ol Pl B2 e Sk SR poaRs 2007, 0ol

e\sﬁl&mlwiw ’ctratﬁs@tlbli‘aszl@ e@l:étlmauy couple:ddb et\namatlfa;\tmgnalzhes 1248
IS elecltrica cou e ro

thabp@aes b Tegl oa Jaloeisvrbs ToiBipg sinat & ireignairayt

1318285 1 8016608 apgvm i @ieh ERIRSHIh8rdiddurce

areelecrca yco totlmngS|gnaII|ne124
péfhe)fmvh&ratmndearmﬁstohézm tsi eies’rolaaktsecgmlad ie éhe degigrsource path

o bbb B G LR SRR Bt el o
157 RibiEEGIh N c8iiIBato lai leference, such as ground, at 1282. The gate
of control transistor 1274 is electrically coupled to direction signal line 1240b to
receive reverse direction signal DIRR.

The direction signals DIRF and DIRR set the direction of shifting in lower
bank shift register 1202 and higher bank shift register 1204. If forward direction
signal DIRF is set to a high voltage level and reverse direction signal DIRR is
set to a low voltage level, forward direction transistors, such as forward direction

transistor 512, are turned on and reverse direction transistors, such as reverse
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1240a. The direction signal |ine 1240a provides the
forward direction signal DIRF to the gate of the

wo orora0sdstli recti on transistor in each shift repCBHUS2005/6011723

| ower bank shift register 1202 and hi gher bank shift
register 1204. The gate of eV&luation transistor 1272
is electrically coupled to evaluation signal |ine 1248
that provides the reduced voltage | evel BT6 tim ng
dsegmd transigior 44| are tirnedioff. LaWeraankemift fegistal 4abd %'If?d

4 de of the d {
hRneEpank shitcieaistar L8 Shitindoe farvara sirrien. | Fobmm atFection
sf?ﬁat bﬁ?ld"saéé‘t S U fonPv e, I%Ce%féeﬁ)terré é&tﬁ)tn°§l 1 rlﬁlﬁ% is set

The dral n-source path ranS|s
ta s hmremltagmllevw {mwardedlreotlm treﬁasmns esuchuadfoaward direction

t 2. h at e of ntrol tranS|stor 1274
oS AR el fned af A fysme SEdton rpRips, SHeh a2douerse
dv@ctroepteaw@stbema%ee@urrnéatdran&h&@én% @Eﬁemzoz nd

direction signals DIRF and DI RR set the d| ection-of

higher banlg shift register H20rkshkifiin the eryiesse directish. afie birgbion
s@ﬁ% Ilﬁllﬂéée?cﬁ ;ﬂghﬁt %rre %e?t%{rpl f @lﬁémﬁsdeé%rtﬁ@blggg@salg %al'|4 BT5

ad Bd6t i on signal DI RR 'S set to a |l ow vol tage | evel,
forward direction transi stors, such as forward

di r elft ?Rﬁfat'?%ﬁﬁ'n@go?'g'ﬁimea??@“t RiPHElgs entiming p@se s iming
s@héle@ﬁ @@dﬁ &F&fltsmfyﬁﬂhﬁﬁ prrﬁ\{:ﬁra geeggﬁﬁg RE@ During the

ransi st or ar e turned o ower
timingi ulee lmm meebﬁargdasrngHRShlﬂﬁé foregird deectlg® dignal line

12 and BigiSe GRELROT sna g Je4amigamends Nigfiveliags Buels. A
nrﬁirfgq@dlé,@m SiniHpsigPhRRTS % §ﬁ§v|déa G r@&%’fbﬁd?%&é?%t\%ﬂ@ﬁzze that

f orwar d dlrectlon transi stors, such as
previdesta Eﬂﬁillcﬁdn@tsgerle\&iBT5amrelr!ngu1mjta)dfre@tlm cimudtr 58210 in

BB SO AL, TEM RS LB g bR sona
E‘VAQB 3w ch2evalaatbrivirahsistdd A2e6s i 4 Coh@el RS |ril&9r4tro| signal

in the reverse direction. The direction sign

%T(Nﬁ grRropdRe tartee gate alieanicp! tramsistprolAGseat the saims tllgpe as
tn tAIRq DuREin fif4 oRaafiof:sidtay BRALSY (s Hioiikg B kyBlRs,

trarsistor $266 aevelrseoderctlbaJsﬁgnaI nhbmlzetoprd@scﬁiw@semsa WRholtage
pul se in third pre-charge

E3. . During. the
'e\é?Ff i%‘ih 'F'Hélaﬁ QM\?% remaks:atanloy yeltage Irvel apthedtiming
pﬁ% lﬁf t;%éec{ﬁ gg ee%gj\e?\gibg QU Aﬁl WLd fs[}ﬁ'ow}laég tf? %'{}th%%néﬁa&&stor
12865 reverpe dirediioh signeklines o MOhﬁI remduas obtvgecktol? AfgH Vsitage
I \gélow des a reduced voltage |evel BT5 timng pulse to
rection circuit 1210 in

A timing pulse in timing signal BT6 is provided to resistor divide network
1248 that provides a reduced voltage level BT6 timing pulse to direction circuit
1210 in fourth evaluation signal EVAL4. The timing pulse in fourth evaluation
signal EVAL4 turns on evaluation transistor 1272. If reverse direction signal
DIRR is at a high voltage level, forward direction signal line 1240a discharges to
a low voltage level. If reverse direction signal DIRR is at a low voltage level,

forward direction signal line 1240a remains charged to a high voltage level.
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third eval uation signal EVAL3. The timng pulse in
third evaluation signal EVAL3 turns on eval uation

WO e@ss0Bsdr 1266. If a control pul se in controPCEHUSVEH011723

CSYNC i s provided to the gate of control transistor
1268 at, the sane time as the®ining pulse in third
eval uation signal EVAL3 is provided to eval uation
transi stor 1266, reverse direction signal |ine 1240b

di sciFggesi7tie timMy o Nébiaﬁﬂﬂldsﬂ‘éﬂh? obkratitm Mm@éelect address

signal CSYNC remains at a | ow_vol tage | evel as
genaiaier m%@ ihe fpmardrﬂwas:tl@va|Tmnrawg§|@m@ls BEMAB%mgovnde a

Sgl.rlé)é/ bfl& LFI’séasVﬂ\P't‘fé ﬁ%g%ﬁ 5€] Oof 4i ﬁﬁ s%g g a}c&hof the

Irec IO Sl gna char g

timind sigaaleBEN-BTS prcmdu; gna pelsenn thérse@e§oﬂ$inlpu&‘é& i's
ed to resistor divide network 1246 that provides

provid
a r ekfh@@@ s¢Hes 9& 8 RuIegs, Byng stanad BJJ1 atel 309 inelugdesitiging

oFSEH2, i oo R gy BUYSD Fi sna

Bdid atvidQfainclides rtlansg putse 121, timihg isignal 83 4catr it mnludes

sj. gnal i i f
B8 i, ufte BibabBr5 2k 1B Bke %0 Bhte 1318 and
nwmg aghal BY6lat 13R0NRYEESSiIMIAEpUISEM 3220 MFe EdARDIIsTyrfl

| owvol tage level, forward direction signal |ine

Cﬁéfm at ddaAnecludes geatrelruises tiat set th@ngrGOQOEIOf lshgmgam bank

oS b TS 5T B BR L SHE 0e8s P36 anc

highee dahRshiffliegidtenm 2o4 & gasdratdaddBE6epring.de a series
of six puI ses_that repeat in a repeating serles of siXx

pul s&8 bagie Reiherinwer pankghis r@szaﬁt@r 162 b Igh@n/ba@sshnﬂ
régjﬁgf)"!bﬁﬁ |és ggﬁtﬁ'@ a°'r‘f-‘d Hﬁ"écti?fn @h@x P Ii%%h u%étr(;s By*5 control

pulsgiin g;optrbbsgﬂSICIZSYNlOrﬂ 31234 s R@nafseEﬁ' &acﬁnbnb@vﬂal |D1RIRJ§E$326
tim I 30 tin [ BT3 at 1308

ngs ReRd cBards A Bion vohast 18velit s &b codrel rRaisiend 274,

whicH Rés B#&v&%sﬁ?’é@chéﬂg@ﬁ%nﬁér@r@}ecﬁgﬁ na:rl?ﬂflig'zj{)ﬁ%eélow

timng pul se 1318 an tlmn[% nal
voltageulgwel. t interngl pedessignaBs a’aé366nm sbift register callS\N®wer

o Sfteaicn HE AT blaher BARR SRl Al b Fortaiptiakda to

highividitage Ibwier whiahklisdharge bf ght @rglsképauteuﬂs@ha&%o at 1332
bank shift register 1204 to generate addresses 1-

torlewhefiagerevelgerThedagic avatikation signals diEMAd 13&@21 Iw\fer bank
B P19t 358l Bl ot £ 3708 Fbba e g o
valtdgeelevalsdfrorhitiod psévioed p AIS¥INCtididizg sighavBTe et di3pactAled, with
sfﬁi‘tggsasteqo%?put S|gng|s SO 1332 at low voltage levels, address signals ~A1,
~A2 ... ~A8 at 1336 remain charged to high voltage levels, unless the logic
circuit is initiated again or address lines are discharged by logic circuit of the
other bank.

The timing pulse 1302 in timing signal BT1 at 1300 is provided to lower
bank shift register 1202 in first evaluation signal EVAL1. Timing pulse 1302
turns on each of the first evaluation transistors in the shift register cells in lower
bank shift register 1202. The control signal CSYNC 1324 remains at a low

voltage level and all shift register output signals SO 1332 are at low voltage
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has been charged to a high voltage I evel that turns on
control transistor 1274, which has previously

wale@shesuged forward direction signal D RF 1328P€DUS2008011723

vol tage |l evel. Internal node glgnals SN at 1330 in
shift register cells in | owe®®bank shi ft regi ster 1202
and hi gher bank shift register 1204 remain charged to

hi gh voltage | evels, which discharge all shift

levets, svhéch lw"npn‘f eacrg n’éﬂhe fSvantd |ﬂ166f2tram|$tovs sindl eagk of the

| evel s i on. 1334 in
iR Tipd s terSai {Bs PR SgisTeirke e ootk s register
1202 GidthidREBoJROBNiR ré@@fé}e@ouo THehoN - %Pag@g{g%ﬂ@%and

fromthe previous pulSe in timng Signa
reyesee ingut iragsistersrprgventdhe dnfepal nodgreigrsal SONL 3330 at the shift

Rl e e

1204 flopgt disChargfnug to BdowNolthgé @l/eagmn RSt re%ﬁﬁé?ﬁﬁer‘n‘af‘ﬁéde

are di sch%ired by logic circuit of the ot
signa em@b at high yeltrgedryelal Teitiming1adee 1806 in timing

T P Y e AR o
eactt bignhl tamains nsichangéd auring titing pukieor306. n the Shl ft
r bank shift register 12

cont R, dahapuse ANE g signal BES &t 1508 irproxigied to higher
bhsw SHIfﬁ’éleQéﬂ 1204 fntflrgfi‘Svaﬁlﬂﬁ1 ﬁbﬁ’df E\?Ag?% ?urﬁ%r#é%%h of the

are at | ow vol tage evel turn o eac
fifsd evialuation pransisterssn $ughea: bany shdtteglstet 204 e Teeswntrol SIgnaI

ORI Jupeh i fus RSt el A 3h Shief Goister Sutolt Sgnais
SOtB32 are 4064 vaikgeTIevels OiidhltlRofl SakA of tRNFrivBNP b

i nput transistors prevent the internal node sig
trangstorn apd @aghiafthe é@(ejﬁ% inpié tiegisistors dnvde smftwegistemcens in

f
ol 100 205 RS DO
cor‘rdmmtmglfonwm‘d w@mbs&?ﬂp%ﬁ%@nﬁlm Predient t@m}t@%%:_gﬁ!@ctie
na a

Sighgs S 134D it FAET oo terzial . e Bank ey reiter 4209 and
h@ﬁ@@bé\ﬁl@sﬁ Ngﬁét&“ﬁimf ﬁé‘ﬁ'd] Q@%@ oq}“vél[%e 3 %Al shift

pul se 1306. timng pu tim SI'g
regirterintersabBnode plgoalsd%N 1t3c30h1eg’rmm abhryh wiifalge lewsls st er

of ¢ HP i bubEP A pfeipa idha B at 1 Fi2 Rerovaed 1o lower

batk $Rift rré@ﬂsiﬁreITZOQ@‘f’d higRer ﬁéﬁﬁ §ﬁ||ft n‘éb%‘ﬂeﬁj %é% Nsekohd pre-

remai ns at a | ow vol tage evel regl St er
chaige signalgy RREZ, sodirgetioreiscuit 121ﬁmmtbirda3ge-dhavgé sighal PRE3

aHMOCIBV\}eV rbgngflggﬁ%?r uf?f1 258 and%é’ﬁerdbanqploglc circuit 1208. During

the timing pulse 1314 in the second pre-charge signals PRE2, all shift register
output signals SO 1332 charge to high voltage levels at 1338 in lower bank shift
register 1202 and higher bank shift register 1204. Also, during timing pulse
1314 in third pre-charge signal PRE3, forward direction signal DIRF 1328
charges to a high voltage level at 1340 and maintains reverse direction signal
DIRR 1326 at a high voltage level. The timing pulse 1314 is provided to each of
the address line pre-charge transistors and evaluation prevention transistors in
lower bank logic circuit 1206 and higher bank logic circuit 1208. Timing pulse
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transi stors and each of the reverse input transistors
in the shift register cells in |ower bank shift

WO e@sa0as5 1202 and hi gher bank shift regi ster RCDUS200%1@11723
non conducting forward and reverse input transistors
prevent the internal node si§fals SN 1330 in the shift
register cells in |ower bank shift register 1202 and
hi gher bank shift register 1204 fromdi scharging to a

1 Bmwnvalhtenu@geadim'esb sighidls s t~AQegl A8kt H BLEED ﬁlgmﬁtﬂ@lge levels
nals SN 1330 remai n,at high voltage |evels.

g g QU S DY HESIBIto Bl logo Svahiaion signals
LEVAL 83 {P1olOY&ia g*éqebe@fatfﬁmbeg' ster 1202 and hi gher

bank shift regi st 04 1 n second precharge signals
PRElemtngcpuimﬂ B8 lrcnmg sighallBT5 mt 1Bi16 ds preddathtaiewer bank

L.anal 0,lo cuit 1206 and
S*ﬁ'?‘%ﬁ@lﬂ%{%f bidner Bk s%%%egl%@wiéi {meeqang expluation
sigHbReEVALS, ﬂd“dlfé&loﬁftﬁl@ﬁﬂ 1F2r1@ lﬁ "BI%F(QSV&IUQ lgp BEEVA%%' and to

shift register output signals
loysir doga 1p@ig dlirgui1 2083md Iwghembankomic @mmmmﬂg. “ﬁhetlmlng

AR R A e BV 08 A Rl L e
evaluatiordirdnsietors intie hiftlre@bidr cbB2 W@r%ﬁktﬁlﬁr&{lﬁﬁr 1202
a@gb@%r | evel .at 1340 and mmi ntains reverse direction

BeRik stiveaister 1404n With thegataraslanodersignalsBMg 330 at
hlngv%‘P[ﬁgé 1vdiStPrmN 'o%eé’aérP%ﬂfe\Q?nt%Fqél *h%d%dcpe[@ﬁp@nm‘%he shift

re-charge transistors val u
regisiescelisandower banle shiftanelgistergl 202 amde: hlgthei pank At register

1200 s PRt tials SRR T3a2 WBcharde egomvoltas lavels at
19iahae) hﬁm% bméél ﬁsmﬁ thidd &9 RSN Qg | Eﬂ’/rlx @ﬁ{&hon

tr ansi St or Ogl ¢ eval uati on “si
e\@wlqrbtrawt@o |1f2§ge A eonire) patsel 8346 mTa:ontrcg sigrias €SMNG 1324

el oh S B0y #MH05 3268 ih Rus Bk VeRS btor 2B contol
traridistor nzseméd@mldu@bu@m sRinaNBIRR! %@Zs d‘iébh‘é‘rgﬁe‘d:fd bew
ircuit 1210 in _third eval uation si gnal

vqligaerevalt 34§i d'ha Wring pulsed 338 ds nrqgmdﬁd oty oﬁghhe
et iR trnc e PiehSang el il ancupigner

baar\i@bgm:tmmmttﬁ%ss|1§I1&)h|$1|n91pltllbe 18hBfturrsesh 8héti of 8ld Svdlfiation
ster 1202 and hi gher bank shift

bank
prpgearL s y bt Rieveiatien Skmld LEWAL 233ARL 630
| |
Vo I TS ae VOREYS I Nl BRI sinale EEVAL R tum
ofhagdkreshievaluatigh dtamsist@®82 and hi gher bank shift

SOt AERAES bk R BB A 5320 R b
shift register 1202 and higher bank shift register 1204 in first pre-charge signals
PREA1, to direction circuit 1210 in fourth evaluation signal EVAL4 and ’tol logic
evaluation pre-charge transistors in lower bank logic circuit 1206 and higher
bank logic circuit 1208. The timing pulse 1322 in first pre-charge signals PRE1
maintains all internal node signals SN 1330 at high voltage levels in lower bank
shift register 1202 and higher bank shift register 1204. Timing pulse 1322 in
fourth evaluation signal EVAL4 turns on evaluation transistor 1272 in direction
circuit 1210. The low voltage level reverse direction signal DIRR 1326 turns off
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1344. Also, timng pulse 1318 in third eval uation

signal EVAL3 turns on evaluation transistor 1266. A
wa@omsnai4spul se 1346 in control signal CSYNC 13PdT/U82005011723

on control transistor 1268. Wth eval uation transistor

1266 and control transistor $268 turned on, direction

signal DIRR 1326 is discharged to a | ow voltage |evel

at 1348. The timng pul se 1318 is provided to each of

coteoletvsarisistor 9B74r BVitmtdstrol trmsiiton 12754 bff, difstEiontyigial DIRF
1‘Lf£gc circyit 1 6 and hllg@;r bank Ioglc circuit 1208.
r?mﬁiﬂ%géhﬂigé qgmﬂf ye leveh cRudng ttivaing\rulsefl 834 each
ope"h%wsgiclévalﬁétm. é\mqu% A ggeset}s%ﬁ%@{%e levels at
vel s.”The W

si gnal's LEVAL 133 ow VO tage
1390 irnlpwardasik IbglglmrcaudIZﬂﬁtarmkhlghgnlaam lolgiéﬂd:lrdEtSm(ISJrWith all

| i i 1322
st reBit P Ep gt 800 S 195233 Ik Yoitaes e ol ke stha i
traféiblors @9iowedbahkd8giedrclit 9Pe6 é?ﬂﬁ%ﬁ@ﬂ banK fg;@ics&?(fwt 1208 are

1204 in first pre-charge signals rection

tugned gffranctbaddregs sigmelsh~Ad atAat i- orA?srqynaJh eEWngaltaga la:vels

TSR B R R AP, TR vBBRR v

relieese dimdetiprpsigasl DIBAR 1606 st MwdMRmkhifife 3%;@1@9 abg2 %Rﬁlhlgher
mai ntains, all internal node signals SN 13 hi gh

bayjf shiffdepisten Ezq4nf°|r§Wn%ﬁhﬂbe§ﬁﬂff@rdr¢@c§€)@r 1202 and
hi ghgrin aﬁ&a%@héé of E&Itﬁ'{llﬁé\yk%%% ity 8 BFbSr‘?aﬁﬁéﬁ)o includes

fourt at1on si rns o evalu
tirningnisulse dB522ﬁm|n913|gnaleBT2 ah 1804 inoltdd2flingTinelsé 854, timing

SRR A Y05 i i Bisor R0 DR MOPRLALA ot 0375
indldidés Qi‘rﬁmg (iblu'lé%,ci 358“ tﬁt‘uﬁ@%‘ ign II r';@"_l'51§t2ﬁ’: f@lﬁﬁluﬂés Ci#@ég Hise

to a highvolta 'evel timng
1306 and timing sighgi BTéxa;H@@ﬂnodudegnm:nsg pESAL135234

(o1 et bebs oz G ErSnanins Bt eVatAlios ianastors i

théVsHift eddistehicélls InfBivet Bank ehitiegidtanfd e, SR c?e%%%l aalsb 1364
volta?e | evels, all address transistors in |ower

in|cogitror sigpal,CB YN 4 33A dummsgiieeacinakthedgrwardi input tralﬁsters in
th'ffis{ 4Hif ?Q%Qf’eh cenﬂ} gag\é&r@@gﬁsrﬁﬁ%@estﬁﬁégo%%g a{ﬁghc?r Kk shift

regmteva‘rmcﬁl Alsot ngfosswgrmd:I lrélltia‘ﬁl ti%ﬁ;séal‘lvlé%%&wnlédl 68®9 forward
ditsabion il IR WA WhBARa AR R opdrnssipra i lower bank
sHifabgiser 12804uiel Gilithe Feltiad 'ﬁrim tlfq‘ﬁ"s}@érg ifl etk S

_ e next series Of six timng
reglsieraqellasiomedm Landsthelfmwajdpm‘emom?omslsﬁmrmtumeﬂ @ﬂahternal

[2) s@ﬁal@l% in ﬂ1 K rs? hltft regls cuellslﬁ Iolvsel’gr bank gl]1 Pt%eglster 1202
discharges to a low voltage level, indicated at 1366.

The first evaluation transistors in the shift register cells in higher bank
shift register 1204 are not turned on by timing pulse 1352 and all internal node
signals SN 1330 remain at high voltage levels in higher bank shift register 1204.
Also, shift register output signals SO 1332 are at low voltage levels, which turns
off the forward input transistors in all other shift register cells. With the forward
input transistors off, each of the other internal node signals SN2-SN13 in lower
bank shift register 1202 remain at high voltage levels. Timing pulse 1354 in
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signal BT3 at 1308 includes timng pul se 1356, timng
signal BT4 at 1312 includes timng pulse 1358, timng
W@ e@sabs4BT5 at 1316 includes timng pul se 1396PeEnts2005/011723
timng signal BT6 at 1320 ing%udes timng pul se 1362.
The tim ng pul se 1352 turns each of the first
evaluation transistors in the shift register cells in
| ower bank_shift register 1202. A control pulse at
timgensignatBh2 ed| 1394 ga apt vate&t@Zdankﬂelectmdch’asdngeﬁerfal&ﬁ 1200

tors i first shi register
af'n&’ %ﬁ%ér‘éﬂ%mgﬁ@% efjé&r@g Fn'ilgd)}"%ﬁ]agéﬁgher bank
Shl f Nelsd%gimihgrpuls'é34l356\|rﬁmmrfgf€iglﬁélfm dt 48085 | bl%lded to higher
transjstors are turned on by forward direction sign

banirehiityegisiey 1204 heirst evalualien signabiRVALAreitsmarrseach of the
fn'sP%éluQﬁBH tr%'ﬂ'sfs'for’ée?lg 'hfq]h%rr Tb}ﬂm%h eg;?sq?r E?gtﬁ.eﬁ'hgéiqm@'oﬁmgnal

I nput transistors rst S

COYiN{2d 324, reamhs a’ealow valtagelieveLand Bhift raftSt Gt Fut SIgnaIs SO
nqQd nal SN1 in the firs

134478 af Birallacs IRysiS fidhel bank shibaister 1206awhich turs of
eé’dfﬁéf‘l%@g’@ﬁmér@j lﬂph%l’{é?étb?é?ﬁna 84Eh of 'tl?%féi/%k&? n?)héilrggglg ors in

e first evaluation transistors in
hlngI‘ bankshiftgegistératd0s hThie noag:osnﬂactlﬂg?fbfrwar@andtreverse input

1S P o SRR B SRR B SR R it

12040hem disstargiid fo 4 REV §beigelidV4r A §H|ft réglsftér lhfeghéltr?cfde

out put  si gna s SO 1332 are at low volta
Slg\mlﬁ PN 18RS i higher danisshift waisteul 204 mamtatrmgln nokhgde levels.

th | t h t f
Cr aruit bining BURECasen'rindisichal B4 & 1512 Al register
Otﬂpgirmgaalsm 31982 Gharg@wmgham{tagbllé\i'/elé eg1368r Als')fp%urmg

rerml at gh voltage | evels imn ul se
f'm'ﬂﬂu 1%5% n&vesedifgctionsional BR @8%5 icher@etsdo kaalmgh voltage |

o T i AR D ST oo

levied 56n iad ditiomi hgmag gutsb 13638 ratint68 alll%dalr@ss sighalso-A1, ~A2 .
rst eval uation

~A% 935 BB alliok i 2nd s dpoie fvakialion Sianals kEVAN. 1334
to lal ISV SHageSe el ah'@??r W%mﬁ%lfaﬁeﬂ@%l% i e]x/%ﬂi%tlo}qt%‘?gnals

control signal CSYNC 1324 renul ow VO
LE\&RYle 11334 dursroff add@saveiuabl@nﬂmns&tglabqor%m?a’iﬁres@ at

v AP URE ks PPRE r8Tend s TGl ow pltoe
levastsl each of the reverse input tranS|stors i n higher

bankl_ shift re i ster 1204. The non-conducting forward
and TG E\é'sﬁ 60 iptigtieg sianes BIbeatel!6i thtns omsecanth

o AP FNc b A GBI 1t B i s
regietgir SOA. iWfitkimenal odele signals SN2-SN13 at high voltage levels in
lower bank shift register 1202 and with internal node signals SN1-SN13 at high
voltage levels in higher bank shift register 1204, and during timing pulse 1360
shift register output signals SO2-SO13 in lower bank shift register 1202 and shift
register output signals SO1-SO13 in higher bank shift register 1204 discharge to
low voltage levels at 1374. With internal node signal SN1 at a low voltage level
in lower bank shift register 1202, shift register output signal SO1 remains at a
high voltage level in lower bank shift register 1202, indicated at 1378.
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signals SN 1330 in higher bank shift register 1204
remain at high voltage levels. During timng pul se

wa3wd/1ossii mng signal BT4 at 1312, all shift PemUS1005/011723

out put signals SO 1332 charge to high voltage |levels

at 1368. Also, during timng cp‘)ul se 1358, reverse
direction signal DIRR 1326 charges to a high vol tage

| evel at 1370 and naintains forward direction signal

Dl RFTkBRY ;ansmeeg talsooturag enlevgilatioh raadibtor 9266 %wcﬁﬁtrol

Bl *Torbintonionsiondl cayiNG d5eh Sumscmapnteol tagisistor 1263 to
|
drgzﬁﬁ%% ;feﬂ%gksé% @P@étﬁm%ﬁgg I%Ieve|1§?6‘?o59%%&5@8%%%‘?1380 In

ow vol t 0ogi ¢ eval ua
addlitjon) mirgVpulse 3360tturns @1 évaiddhm; preveatioatiamsistors in lower

R L LA 0 i ol
eVALLAGE sighusy EEVAL“’ISM Y Ry VSiRiyd 1Bvél R irss 9fvaRiRion

at 1316 turns on second evaluation transistors In
trapsigtorsa Shift radister egipsit §ignﬂ&)§0a1ﬂc821$@tﬂe dubiagKinging fulse

1568 U 2t dfe st olshb iRl BEHE SRR \dug Ban SHigdboister
1202 seitleh t 1t iighabliagd éevasl anali Sthar §m3e gistdtidiitout signals
vol tage levels in hi %her bank shift gl ster 1204, and

SE#rPR StinApwer prmlsghiitysgister 1402 ang alle ifyggjster eutgubsignals
S%Sé%qan&WnkWr @%tfe 1292 %ﬁ?ertoﬁl At ogfﬂggsigvélg

register put signals
shi f Tiniagipatse 13m fingchsiggal BT6 hb%ﬂ@hs agﬁldefd/’@ [dwer bank

S st 129petrid ket Rnk ShiRoisihr 154 inl pre-charde signals
PREY, %6 GrreétiBrPéEFCLﬁH odic) lnsf@@lrth%ﬁ/ﬁldé'iloﬁts 0@5} F_QQ(I\LAPEEQQS logic

| evel in lower bank shift register cate
evaguation MeagharalestmrMOrSalhéoweubask mglcevlakultaiZ@ﬁ]and higher

o3RGl C-ic 4% SR BRE il b e "2 e e hpso gianals

PRESC i@l hede sighalliSNeCin I6Wes baARshiRl rBan?eéﬁZﬁzazcﬁarg@Mo a
volta e level at 1380. In addition, timng pulse

hlsbr\/:%taaﬂ l@@éa&:168%@ngrrea@mlnéﬁlltqﬂz@rgnmrmlgwqqe signals SN 1330
at 335 VoREuS IeeI Y buer BnR LeRer PASH ah Pl o i

register 1204.voiniageulsy ¢862 rafourtir evaalwdtfonesighaleE VAN turns on
transi s i ster out ut si s SO 1332

el liapeisior dRA A Hepteh snod! 1%19:h%hﬁéﬁwdﬁl§a%iq\del
re&@ﬁéé&n%ct%%tﬁg‘ﬁalsﬂ)l?ﬂ?l?%@gur‘ﬂg dhfpav&g[nt-oggghfgmrffz74 nd,

regi ster 1202  sett evel
ditadiion signdltDIREY! 32& remainp whasjeghinl @ hvd@@ELR levell Adso,

dli)l‘ar&l;gr%h 'g]c E)ulsé3 9 3%5%ac}1120q”%hg rllcgjlgm"fl Ie{/alﬁlcjx |<];|I1 Slrge %IISSIEE{/A?_U’} 3D
charges to high voltage levels at 1384 in lower bank logic circuit 1206 and
higher bank logic circuit 1208. The high level shift register output signal SO1 in
lower bank shift register 1202 is received as input signal Al1 in lower bank logic
circuit 1206. The high voltage level input signal Al1 turns on address transistors
in lower bank logic circuit 1206 to actively pull low address signals in address
signals ~A1, ~A2 ... ~A8 to provide lower bank address 1 at 1386. The other
shift register output signals SO2-SO13 in lower bank shift register 1202 and all
shift register output signals SO1-SO13 in higher bank shift register 1204 are at
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SO 1-SO 13 in higher bank shift register 1204 settle

to low voltage levels. Timng pulse 1362 in timng
wGek@nabs4B6 at 1320 is provided to | ower bank Ba/82005/011723

regi ster 1202 and hi gher bank shift register 1204 in

first pre-charge signals PREPO, to direction circuit

1210 in fourth eval uation si gnal EVAL4 and to logic

eval uation pre-charge transistors in |ower bank |ogic

lovt USltdde BRBR tABftuth @fedddresk trhASisfors iirf Pwdr bb%Q&ognc circuit
Durlng the timng pulse 1362 in first pre-charge

1306 rapdigherbank lﬁg@rmwtn@@@ 5] rgﬁatnsc&axge addiessrsignaik ~A1,

f
305 ABITR o0 paRa%8 e 1LAB L 97l VBl fluring
timﬁﬁg')pallsem&m vol tage | evel s in | ower bank shi ft

regi 2 and her bank shift register 12
Ti m ﬁb?}?u" Sf§8§°i tHU'lnﬂfP SR, Ging signag Rd|1 WA?LQQ includes

tiffH SuIe8 1268/ Hﬁ%@@?lghéﬁﬂ??%ﬁqe@% ﬁuﬂé% ﬂl‘rlrrgféb@@ 1390, timing

circurt 1210 w vol tage level revers recti
sighghBT 3 @&t RRO8InGudes tiging pulsertt3od, timirmsigaabBT4 24 3aﬂd

infhlES e vue W TSl et ST Bkt Buatonse
139@ah@qanﬂng\e@'mm@remmmhauuéwhuﬁé%ls%hﬂzws to

hi gh_vol tage levels at 1384 in | ower bank |ogic
ci r clihe timiog paise Tﬁ%ﬁ]@ﬂn% anleacbdif ¢he first givaluadios tranisistors in

o e U8 by G355 L9288 5 ol QU e
foAlardhinpateignaE I @bwndh Rigure ﬂ(ﬂgﬁn tHé ehif 12giste ée18an lower
| evel i nput S{g(ﬁ?al AM turns_on address_transistors in

banfughiftyggistero clhefarwand put signgl Slfepf/theirst shyfy register
célfj@:)c%ﬁro%@ﬂﬂ éSW@qgéﬁs\ﬁhﬁhqgga? I(i@élgitaq%?evgl TheForward

rovi de wer bank address ‘her
inpht $ignakgiFsateaduofthe cskhcgmhlﬁs ré?{;@teﬁ@ﬂeﬂs istheqwecediag kshift

shift re r 0 i ster, output
reiyrepPea8an SO B grie hilecisiert eutpubrignar SO3da lower
balestaft!regisks! 12@92% 'a‘?‘é%ﬁh R/Bﬁé d 1Bl 9hd lsaff:% @ﬁﬁarg input signal
transi stors in | ower 9 T eui t
S ¢fribe segard sbift @g@tebmlt mllgwer bankshifiiegister t202.

a1 Sl R SuptlsionaIdSoy it Igwe RalIKREN g oieg 2P A Hs on
thpubsearti3ABut trandidter metkie seRbhEShiF registet £&N MAoRkE B8Rk shift
signal BT1 at 1300 includes timng pul se 1388

roBISH 204, gho. HFfonvabeqive tRTsstors R gupAcGon bydopward
SRS QTR P WA e S AR S 103 8Fban
shifi mmgtem@ﬂa!twﬁhéﬂ @i, th fdrwiang ingsle sranisistardin phé $8cdrRP Shift

regn T(I:ern tﬂ?nesol grq,aajmdB ’;[1% f%trwe:}%Z c?lrelcrtll%lnu’[rdaenss|stté>Pcrlurr]r(‘;']ecllO glnsl(?]ternal
node signal SN2 in the second shift register cell in lower bank shift register 1202
discharges to a low voltage level, indicated at 1400.

.The first evaluation transistors in the shift register cells in higher bank
shift register 1204 are not turned on by timing pulse 1388 and all internal node
signals SN 1330 in higher bank shift register 1204 remain at high voltage levels.
Also, control signal CSYNC 1324 and shift register output signals SO2-SO13 in
lower bank shift register 1202 are at low voltage levels, which turns off the
forward input transistors in the other shift register cells in lower bank shift
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The tim ng pul se 1388 turns on each of the first
evaluation transistors in the shift register cells in

wo owsnodashk shift register 1202 to eval uat e eaptm/of200fre11723

forward input signals SIF (Sﬂﬂ““ in Figure 10A) in the
shift register cells in | ower 'bank shift register

1202. The forward input signal SIF of the first shift
register cell is control signal CSYNC 1324, which is

registgr 1302y YVith g fosward lnbhétransmmsl offnpath sf ’gmabth& nternal

o SR SN R R A e 40 i o

highiVditagedesdler Tauirgubulsé QBQD .@%m@ sigﬁ‘éfBT?ai@GﬁQ inbt provided
register 1202 is at a high voltage and |
tor brRtesRlerhaidress geapratprT490 and easbsighal Inemalnsetqldﬂaaged

shift register 1202. Shift register
A ‘t“q?é# Eﬁgfe @( regl ster 1202

out in | ower bank shift

t ur nhlert trrmagfpmamth imptirhingr AQSAIB TS at M30HR @@9%@ fo higher
in Iq?vver bank shift register

b3 itrEdistasy [P et erlan SHBAEWAL 1 o Birpameabioat the
f:r’@t’e@él[:éﬁéﬁ*tr@hé%fdrb%h I*&P"B nid'sRfF éﬁk@e%ﬁéc{‘ i‘ gpb r%f signal

eval uation transi st or ower

CRYOIC 1 d2heemains atha Id\mmldaagb ienelﬂmd sla:fta*egrs@ér @u’:pmhﬁgnals SO
the forward

1574 BB boak STEDisicr10¢ 47 St oW aioNaBe e amgAatumS off
eddiof thetfbRvaeicApGt ﬁéhé‘létofs‘i‘ahé E8¢h 6?“16 f'é?/eF gupﬁghs,l[stors in

shift register 1202 di scharges to a | ow vo
higheri banleshifitregistry. 1204e The Eon@waduailng)fmmvaahanswwerse input

el PO TR SO T e
1204 feomedis cleatgirgy @ﬁawsvoﬁblﬁéiﬁéﬂels nAh'sﬁiT?fedib%@hn‘%&'n%F node

h vol tage | evel s.

. ' 4
S'ﬁ%ggfr §%é?fbh'r9%g?(hgng?§bﬂ reisteni2 4 f@'galsltairhlg*mt/plmge Ievels.
ot Taucfin bR S nBRG MR BT Splegister

outmlmmgmalalfzﬁ) §6629re rmhatgﬁobtdmtd/ehn'faﬁntéﬁﬁdsdtﬁf gif ebltsgd Rvels
ngg% @ank shi f i ster %égz Wth the forward input

Airansi ?87%”8?9 LRHISE 1984 Toverae direction signab BURR 1326
hei @t ' iréidn sig G4

PRI R B0 ARl 8 g 1o
is Mﬂ"ﬂﬁarﬁqﬁbatsﬁl bigh v%ageleml ils additiopr duiinig tinting paisk 1394

era 00 and each signal, renmains
A RO BAE S e T hl) (s Rl uoentof ainianasticsigh
volk levels & 4Q6 ahd Blgiua '
h?@ﬁer bank shift @gllcst eru gg%%@‘ﬁlsfsi_g‘s/?leeﬁa ﬁs‘bulled foa
low .Vg age layal at {408.uThedewyaliagelevehbodic exaluatian sgnladmLEVAL

13@&%?!1 ?':‘l‘fglﬁghé{ﬁ% NP RNSiSBH fo BIR95RF $Haredd fFansifors from

contro
pulling address signals ~A1, ~A2 ... ~A8 1336 to low voltage levels. Lower

bank address 1 address signals in address signals ~A1, ~A2 ... ~A8 1336 were
valid during timing pulses 1388, 1390 and 1392.

The timing pulse 1396 in timing signal BT5 at 1316 turns on second
evaluation transistors in lower bank shift register 1202 and higher bank shift
register 1204. With internal node signals SN1 and SN3-SN13 at high voltage
levels in lower bank shift register 1202 and with internal node sighals SN1-SN13
at high voltage levels in higher bank shift register 1204, timing pulse 1396
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CSYNC 1324 renmains at a | ow voltage | evel and shift
regi ster output signals SO 1332 in higher bank shift

WO e@sa0as5 1204 are at | ow voltage | evel s, whi cPCT/UR2085/011723

of f each of the forward i nput transistors and each of
the reverse input transi st or'¥2i n hi gher bank shift
regi ster 1204. The non-conducting forward and reverse
i nput transistors prevent internal node signals SN

dis8Barges shift I'eglslbaokltmhlsignm§3@ﬂ &id SZﬁﬂSfﬂ@ﬁ’h lower bank shift
| evel s. shift register

di. SChﬁéﬁ% g %é;‘JF ow.vol ta
rEQiRtEr ABdes $er QNPLE signals ﬁpdh%916aﬂ|blghﬁrfhank shift
rdffSb B Y 264 %@% (/Sl'i@dé‘le%lshétgﬁ1‘0°|\f\lﬂﬂgqf2ﬁ3@ n}gf% rgz at a

timng pulse 1394 7n timng signal
Iomemlmleweltipdower bank shiidegzssr H02, shift @dstenompdt Signal

I nt ai.ned. at
S k8B A e ek Bk sl a2, ivtetec
atlB2P.charges to a high voltage | evel at 1404 and ’
forward direction signal DIRF 1328 is maintained at a
hi ghTWng @gl&sa 329 alspriugsdon ewaluation tragsistori 12H6pand eontrol

od381434% 57001 SRS R 1 e gt Sab ebBirase
diéél@@rgerrdvmgumre@mh@mnmmlamT@Q@td&WVé |e'i,eP5H$Pb In
ow vol tage_level at 1408. The | ow voltage |evel

acﬁfﬁﬂgfb /a0 PtisO H38Y &Hﬁﬁ@nm\matmazrevam«pmtrana@mrmlower
b&MAbYRL @%’f%ﬁéﬁd Righet Baﬁk %’gi{j&w&ﬂﬂéf@g’ t m%én S I%r f’co

from pu ress “si

evatwation $|ggalsILé3)\é4\Is 1 3Bé\mg lownioltagd@as tHatadeHsL6M evaluation
~A8 1336 were

T A o S B b
13907Yis06h %tscﬁ]e]éiﬂﬁ réé‘lsférrﬁdﬁ%t%l i n@? h I%(Nea)'%%ﬁﬁk ﬁi’{ fffeglster

on second eval uati on transisto ower
1208 psedtles fola(bml'amlltageglwal mall sthe‘rtshifégégsster olgH signals

SOLPL oS RR P IS ERE B 1203 St dediter outou

signdls SOM-SOM mﬁﬂgﬁersbémaérﬁft%s@*’ 1&@4%*[1!1% E{]llowbél%% levels.

[ evel s in higher bank shift %_ster 1204,
pul sTénu@geuﬁsgc1r$&8geglr@ngﬂgrraé ﬁ%tr13ﬂﬂlptnrowdgddo sov@bank

gﬁﬂﬂ%@egl s?er ol put S gnaﬁgéé%}f g%? ter Zpgﬁéﬁam]ﬁlgnals

PRE fto diegitisheircai20210dn Fawth evdlagson grgﬂbSEw\Lk% to logic

{th internal de signal SN2 at a | ow vol tage | evel
VB G SRR AT B Sl s odter bRk |0§lﬁ|q1rpul’téé%§taﬂd igher

baPilibgie oﬁbgﬁqm OHd
P SRS 0B D R B o8 ALl g
PRrEin intgrpal Imelsagﬁala‘SNa in lower lEmkeshitt vegisten 1202riagddto a
g]hz\% agnd colnt rﬁ{
hi tage level at 7418 and all other internal node signals SN 1330 are
maintained at high voltage levels in lower bank shift register 1202 and higher
bank shift register 1204. Timing pulse 1398 in fourth evaluation signal EVAL4
turns on evaluation fransistor 1272 in direction circuit 1210. The low voltage
level reverse direction signal DIRR 1326 turns off control transistor 1274 and
direction signal DIRF 1328 remains charged to a high voltage level. During
timing pulse 1398, each of the logic evaluation signals LEVAL 1334 charges to
high voltage levels at 1420 in lower bank logic circuit 1206 and higher bank

logic circuit 1208. The high level shift register output signal SO2 in lower bank
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pul se 1414 in control signal CSYNC 1324 turns on
control transistor 1268 to discharge reverse direction

wGak@nabs4E¥ RR 1326 to a | ow vol tage | evel at 14B@1/UF2005/011723

addition, timng pulse 1360 turns on eval uation

prevention transistors in | oRer bank | ogic circuit

1206 and hi gher bank logic circuit 1208 to maintain

| ogi ¢ eval uation signals LEVAL 1334 at a | ow voltage
smﬁ\reglstehdtzazus meceiéd e dahputtsigmal tA121s iowertankIbgictcircuit

1300  ThS hadh VBlas R aNnBHESIaRAFAI2 Wit op AU RS tr g aes in
lowe? b'aﬁk'l@ﬁi@rcwt%@'ﬂ 4 2@5 itd tac’fl\‘/?ély ?&Jﬁ owk %19? {e%%télér??ls i ad S

hi gh vol tage | evel and regrster ou
sighalgatAs!, SGL andASMB mlseﬂ@wimbmk bddiless 3 étt14ﬂg| 'Em@bther

hi f I OL3
st aFaB e uivrdis SEPL BhF SRRt B igee Broksoit eaper
1262/ 8hé all Bhift Rgigtet s6tpliB8inals SOMLHO1SiiY ﬂ@he‘?ggnﬁ%h#ﬁ?éblster
Is provided to | ower bank shift register

1304yhe atdam olfaoetlevaly tatdurm off addressi transistors ioHawgebank

10 in fourth
o3, 20eLons ok R e Bt 40 B4 Bl et B4 Bcress
s:gmaﬂs elidl, g2 1. anABs tTdresaddrebs ihalpk 1] 082 ¢ GJA(&S’étHe to valid
|l ogic circuit 1208. Dur i ng the

h
61][ kjr"bQJP 9?@9 anﬁgﬁl rst pre-charge signals PREl ,
f
05 aheRSeS SR G palseS MEEmMY SioRh e 1 the
high heltageteyehahiftredisteri cg_ﬂamss@malmﬂ talthas mextretaft regls®@ir cell in
oWrEBAYE bR TBaIE1 04 b piEles Piiotase ey shif segiaissoutput
sidrial fSOB §iicer|bamki shif: fd ot 1§U2\'aéhdtlawgﬁggﬂk %ﬁé*#%w L

transistor 1272 in direction circuit
adgsesagignplsvell,riAdr.s e Adi atelit360 rSImftglgaiorﬁlhREs 1826edch series

' 1 it 244 ti DI RF
of SR Bifse® LA it 46l R Sy Bt taiinaT Sel-S2a Rrigwer
bainkrshifg ragistee 1202 Basemeh tigh rda,@e| WieCseR168] 81854 Bfter shift
reg_lg%gal s LEVAL 1334 charges to h|f?h vol tage | evel s at

quiputsyhalRLAkS Inlginer bankishift iezogea 02nh_glaéleebd11gh and
ST IdeSh 1S bR A BB el A2 -

at 1886i Viedbegin ithe nexissegies, IoWer bamk shie redistak 1|2()Q|o¢ higher bank
e | evel input signal Al2

shft il t20Heg Be, pis L g8Vt 106RE paBhARGrasgPe 1-13 or
higHer ®énk ah%@@sé 426! %é’s%éétl%'lkll inl &gﬁe?‘i’ﬁ’é ?osrﬁla?egf‘ ?é\féréé]

address signals ~A Al rovi
dirgglin.aligthissexamale qmaatuorr Hees loWeelbaﬂhldddress;:ﬂStSEprowded at

14%3’?3?@?‘%3%%@%6{%% it f t‘bs‘glég @E‘Qr h'mﬁ?bg@n kﬁélﬁgpglster
12601s B@isted fo bralies h@ih@k baRk lddFedesIRI26 in the forward
direction.

In the series of six timing pulses, timing signal BT1 at 1300 includes
timing pulse 1426, timing signal BT2 at 1304 includes timing pulse 1428, timing
signal BT3 at 1308 includes timing pulse 1430, timing signal BT4 at 1312
includes timing pulse 1432, timing signal BT5 at 1316 includes timing pulse
1434 and timing signal BT6 at 1320 includes timing pulse 1436.
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1204 are at low voltage levels that turn off address
transistors in |lower bank logic circuit 1206 and
woR@haosdsank | ogic circuit 1208 to not di scharB€eT/US2005/011723
address signals ~Al , ~A2 ... ~A8. The address signals
~Al , ~A2 ... ~A8 settle to Wdlid values during tining
pul se 1398. The next series of six timng pulses in
timng signals BT1-BT6 shifts the high voltage | evel

shi f Thedignintguuise!t #26 tihgoal ea%@ofttﬁetfi?ﬁ Mat@h' tfén3|stors in
e%vﬁter eII in | ower bank shift 1§| ster
r

dedistel %S%!qwéa%@'ﬁm'ﬁer §2sard fomadedlrectlon
s@ EB|%IS%ZBQ 611 %éﬁ‘%fﬁ@fo?w%@&%&fon%ﬁggsAbq%er

dress ress signals
ba@eéhlftSIegfsttenganand higier biank seﬁftl'egsﬂer ¢204f Caintrol signal

i l.s | h shif |
cSNEARR4 5 alw oS b to hupieh SxobincRammaradnput
trBh&8topd ﬁ?theﬁ'@t §I¢iﬁ'r§§|sfér%ﬂsﬂ FdWer%lf%rfktsHlﬁ o %fé? 1303 and

out ut Si % in | ower regi S
hllagr baek s lfbwegsﬁtqr nmrAb@nshﬂd@gm dlﬁph’asgbaler801 -S012 in

R R 67 9202 98 Ry s el e ehTie

fohRARA mpubtraheistdraivk af bttidr shefg reyister éé‘l%mqa\‘ﬂ/epﬁank shift register
initiated to provide | ower bank addresses 1-13

1204 néYithsfonmanddaput iansistors tiysaed pifepgch phthe lﬂ’tﬂmaltrmﬁe
snéﬁé&@ém N1 fﬁfl{g)\;\i%rr%%éﬁ%hgfg ééécgr gbf r&%?@ﬁ%\taaealggtvoltage
Ieﬂzél24ln|adchinhh dis fisstgvaluatioAltransist@rs. in theéﬁlfﬁfegkﬂélﬁcells in

nighlt Baae Ak et ster 1S reciaidbmesl & by iming phisekase and all
mf@rhSPﬁé&E‘SIQhﬁlst HR1SN 1 £ H@héf Bahk th‘?t]‘?regiéi ‘EZOA% i’éf?\er\n‘ig at

ignal BTl at 1300 i nclude§S timng pu
hlgh yodhgsTvels. TB0INgimdsedié28 in tiining sighaleBT2 281304 i not

[ |, BT3 at ,1308 jncl ud 1430, t
oG o Clodd 2 B8 5aele 14D bl St e
draledBRRig irhpuiss udes timng pul se 1434 and
timng gnal BTo6 at 1320 includes timng pul se

1436N¢h’fe t'm"hﬁl RYlseul 4 in4iaing wignal & ealc QU istprevitlied $o higher
t | cells,in
oA PR RS o A0 VAL B BBl e
first gvelliafbrRiraiSigtors i highenbaak Bhisf registed 120Mar A control pulse at
%ﬁoectl on tran bmé in | ower bank shift register
1 @ﬁ@f drrtitupnsers each ebthe fopyard ipput
e (R A 0 1
higheif banleghifitregisterl 1204i. rAIBomthe foawdrdsdirdction éginsistors 82
tufiY on by forward direction signal DIRF 1328. With the first evaluation
transistors in higher bank shift register 1204 turned on, the forward input
transistors in the first shift register cells turned on, and the forward direction
transistors turned on, internal node signal SN1 in the first shift register cell in
higher bank shift register 1204 discharges to a low voltage level, indicated at
1440.
The first evaluation transistors in the shift register cells in lower bank shift
register 1202 are not turned on by timing pulse 1430 and all internal node
signals SN1-SN13 in lower bank shift register 1202 remain at high voltage



10

15

20

25

30

hi gher bank shift register 1204. Al so, shift register

out put signals SOL-SOL2 in | ower bank shift register
wa2ez1exes at | ow vol tage | evel s, which turn of PCT/082005/011723

forward input transistors in al | other shift register

cells in | ower bank shift re@ ster 1202. Wth the

forward i nput transistors turned off, each of the

i nternal node signals SN1-SN13 in | ower bank shi ft

leve(s. sAleo, diifiZeyistari cutpiit sighals ISOPISEORIN I6YREF bark shift register
the first evaluation transistors in the

130 aie Pblpucvatadaitivel, Hhishyiver offsag fcymafr@ inruiteansistors in all
othePSnhfif r% RQEr E&[sD e\ﬂlltﬂr’rgﬁﬁ@ﬁi@ nﬂQJt ?st&%ggf[{ %B%h%{f the other

I nt er nal node signal s
inteygabnede $RD4ls SNRFBNAS i hgjlnevbbnhghlﬂ egiter 1J04rrdrpain at
h HI S?t 1428 |ln timng signal BT2 at 1304 is not
@ o\VA"888 't Bank sel ect address generator 1200 and

h
izggo&pgg@knlhgwswmnﬁm#% SYRAIDT4 bt 54 %li %ﬁ% register

. timng pul se I timng sign
OlltEGBSIQQGlﬁr$Q| (:37 @laﬁrsegﬂ dighbeoliageHevelsratdiddPe rAle@ (durimy

b Bt rst AR ltal SR 158De 3R Bl i vt
Ienemmlﬂm 42 thaidtairsfor@hraoditsdtioatsidrid HIRF 133’28 épé 3 high voltage
nal CSYNC 1324 turns on each of the forward

'et'? ngiadditian, dyringdiming fulseh 1432, rasidresesigpals wA1.r ,n~ 2werA8
PR TRe b A maan o A M it ER A 1445 ang oo

ewleatiar sigdatsr BYAEL di38drisl pdliled td Iounv@lt@malbx@bgﬁ 14338 i(The low
08 e o e O, FASE Bk et
trér'is%t%@fc%t‘évbﬁt hlidrekis rt@ns%%r“stfrdrﬁ%uﬁhg adiftbss s@gégﬁgm , ~A2

forward direction transistors turn
|nA§r1r3§6tnd@\@vsxltggalle\&1& inthe first shift register

251 oW BRUEE BLIBYRIs A imioh St ETrdlof s DA P sscond
e\RM@ it ﬂr@ﬁmsmm I&WéfrfbahR shifereyitét 1269hAY @fgﬁ‘é?-' d@k'é?uft

| ower bank shift ﬂapSter 1202 are not turned
registemb2Qsul \é\éthllnmna dg signalsINAISNibat I@Igbnfaxltegsm\femln

h@ﬁ?ﬂt tg%ﬁ %\@glrga‘@%rﬂ(ﬂ %ﬁcfﬁﬁtﬁté@tlfag %%gﬁ?sgcﬁ'{aqi %g\lgh $8\H3 at high

voﬂi@@e%ﬂﬂsﬂs im|dwegyHemidostif re@sn‘et 126R] Glirtrig Ay pu|§e AY UMt
off the forward

BRI Bt SEnals S P25 b3 IRpiSher bak sh eoster 204 and shif
el AR hBRISOUSOR 1 Gy B el g2l e o
lowewgltapedevel9 at A4b8i WVith intérmlal node argaal 8idl at.a low voltage level
in higher bank shift register 1204, shift register output signal SO1 in higher bank
shift register 1204 remains at a high voltage level, indicated at 1452.

Timing pulse 1434 also turns on evaluation transistor 1266 and control
pulse 1454 in control signal CSYNC 1324 turns on control transistor 1268 to
discharge reverse direction signal DIRR 1326 to a low voltage level at 1456. In
addition, timing pulse 1434 turns on evaluation prevention transistors in lower
bank logic circuit 1206 and higher bank logic circuit 1208 to maintain logic
evaluation signals LEVAL 1334 at low voltage levels that turn off evaluation |
transistors. Shift register output signals SO 1332 settle during timing pulse
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During timng pulse 1432 in timng signal BT4 at 1312,

all shift register output signals SO 1332 charge to
whk@hl/10335% age | evel s at 1442. Al so, during tinmPemupose 1723

1432, reverse direction signal DIRR 1326 charges to a

hi gh voltage |evel at 1444 a¥ maintains forward

direction signal DIRF 1328 at a high voltage level. In

addition, during timng pul se 1432, address signals

1484, suchhat one sAfit ﬂe@&ﬁeﬁba!fp@l@sig‘haﬁsdiﬂh Iﬁgiﬁeﬁ%dﬂﬁilﬂ(?gglster
i gh voltage levels at 1446 and %IC eval uati on

h
125@ ﬁlﬁﬁb%ﬂmhlgms\@iftagg loyealeed alboih@wsbl Iregligter aiiputsignals

S50 e e Rl O 3] U5 Bt b il

Sp)‘lesé)ﬂB laddwes bank ahift regcstsr TZOﬂmettlélth o admlai@é fevels.
Q |l ow vol tage

The 1 rmnﬂgmB%ﬁ é@gﬁﬁﬁnﬁ"ﬁ? ?'Qﬁﬁhﬁlréuaéﬂﬁm@rer%d%mower bank

SR VSR BRI A 920 L EURE BB s

PRE(Y to Wrehtmmcmtnhﬂ%%)uwefosnrt@rkwaﬁgm thAm 82d to logic
A . n
YR RAST it hobe PR indB Uk DAk lodi BT 2 Bagdioher

bagi Rgic tifcuiP1E08. blﬂkin hhé tindieg balstr 148804 firéisreMdharge signals
tlmr?CpuI se 1434 shift reglygr outgut &% I's ge sig

PREL saemnal modp gignal sakk insmioher banyt shigrregister 24 charge to a
nEBcBEE 19588 R A B Bibchel Pad® SRlnel S Y 4

nwntlalnenltairmgﬂ\ voltatse kivelsah |Ghér BénlashlﬁWeg?téraIEDZt av&higher
regi st er

h h t t 1204, shi
ok St epistall 1264 Tining ghise safndanib evalyagonrsianal EVALA
turrﬁéTBh 'é?/aﬁfatl%nbd%%léfﬁrl 1282 §¥&ltion GLLRAAP. al‘helﬁﬁé\?yolFage
Ti m n so turns on evaluation transls
IeyeBr@varmb dicettionl signhl SHRRI 5326 turne rtifff contsil graakist Y74 and

di sch
difegon.abiR, e DL Fymain R Sised Plorvelgsvareaghiso.
duquehmmg pdia 14b8, adeh bf e |obld6mawr§§gﬂé1§{q<\mm3§&

eva

uati on reventlon transi Stors in ['ogl C
chargesiite h!@m’plm@ lavejn @t 156AKN lczygerdoankrlognctcnmaﬁam and

B hENE 2o RO 8 PR o o Bt st
h|§heif barleghifitregistait 1R04 igirgoéived 89 idFRBigredl 1A 84 ‘Whlgh@r bank
tjmng pul seld34, such that one shift re%zjl ster out

logicyrieatitd@0s: nlhe Bigbrvaliagr |§Yﬁ|ﬂlﬂputé"¢9r§t| &14 pgns ot a daress
il B SR B AU kAdSE A byl S84B1 € S
addreds aigmhatd +ASHA2 1. egxastoepromdqdmghen lgaﬂﬂi addiesd 13thtle2. -
T%p{%ﬁfﬁ%&gp blfjttpu gl Ina eéoizg(%@ etr %alngvé’hift register
1204 and all shift register output signals SO1-S013 in lower bank shift register
1202 are at low voltage levels that turn off address transistors in lower bank
logic circuit 1206 and higher bank logic circuit 1208 to not discharge address
signals ~A1, ~A2 ... ~A8. The address signals ~A1, ~A2 ... ~A8 are at valid
values during timing pulse 1436.

The timing pulse 1464 turns on each of the first evaluation transistors in
the shift register cells in lower bank shift register 1202 to evaluate each of the
forward input signals SIF (shown in Figure 10A) at the shift register cells in
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Timng pulse 1436 in timng signal BT6 at 1320 is
provided to | ower bank shift register 1202 and hi gher
whaovk/ 16335t regi ster 1204 in first pre-charge BCTNS1085/011723
PREL , to direction circuit 1210 in fourth eval uation
signal EVAL4 and to |l ogic el uat i on pre-charge
transistors in |lower bank logic circuit 1206 and
hi gher bank logic circuit 1208. During the tim ng
lovidet I5enKLSRift register 520201 Ehes foanged Bipyih sighaPBH of therfiret shaift

reginimr gl Sé‘,%'anm%méa%f&égﬁq POAK. viion bl Sptads fewel. The
foM%r? @%t é;@rg@ Sl F%@a%h%ﬁtﬂé%&e@%ﬁnff@g‘“étéif eaif igtorid (Sfbthe

s In lower bank shift register 1202 and
prén:@hag shifhtegister outpasighals 3©O£|SOT2nwh@hmJe§é lav yeltage

ol Lo L, A o HiRTRi5 SR s S0

sdf# ﬁ@mér%ﬂk M?ég?@teﬁ HDOR tat R SbBaGd INERRIHSRward iput
control transistor 1274 and direction signal DI RF

trag@%onsendowgr banl ghift registemi 22 ¥ie tumpd piéaed eaghgf the
A Rk A TS R By SRR el i

voité@@ [ével$ OTRE fipstdyalngtion tmrisistbts ih206 salfdrd‘glgbecellmmmlgher
logic circuit 1208. The hlgh | evel . shift ﬁngte
I5ed

bankighit regisien 128bere mohfusRes ophudrsingr R f@ndpptpinal
no?, G686 1955 SR iR 0BT SuktebByer 12 OB reRRM of AR,
voltege sewis a@'dnmgqoulssarh%@urohmmms@ngh%ﬁ @b Bonas;not provided
o faf s s S g B o
BB AG R%e 34680 Sors i n SLE}” bZ‘n‘LféhT??' eq st er

1204\lextdt|m|ng phliset1468¢n ¢iming signal BT an1éﬂ0§ isoroeded to higher

o PO Ml 5 B a8 BB g

flrétoé&}éluétidrpﬁaﬁsét%%lrﬁlﬂl@hbr aamt shnﬂr‘réglsw t:zozu tbCeUaﬂuétéC&ch of
to not discharge address sig

thagferwarld it sggrga{gﬁg,F {ghown m@gure 10&; agtl'@ %lﬂg@glﬁ’@r cells in
hlgﬁ%?ﬁﬁ’%ﬁ l‘tr}%gl e{p1%4pu+ evaﬁju Pﬂl?sb'ngl S Bi“ﬂh%%rét‘ls%ﬁ

theflr ion“transi stors
re?k@@er&féllﬁk coatrobsighalc@SYBIG n324vwhichankt a v voltage Etveﬂ The

foé%é,ﬁagpﬁéﬂ?pé(é@ a%?g%]chgéf tﬁggtlg%r%l\l@ﬁ ?eedjg Wt f?l% %qﬁlgsprglcgding
an‘P lr@%?{eg %’fﬂﬂ*t%%rfél geasser tROZniftegister &?ﬁbdt $|§ﬁ§ItSO1 in

e first shift registér cel is control
hlglngnlammcg’ﬂfﬂcteg[sm 120di is fat |ash|gln valtagﬁ\dewel aa@@ the\ferward input

S|%tpﬁ1 félercggfwglsfgggq;}@sﬁg@regls&g . l? b er bank srh?ft ?égﬂ&rer 1204,

Shift register output signal SO1 in higher bank shift register 1204 turns on
the forward input transistor in the second shift register cell in higher bank shift
register 1204. Also, the forward direction transistors are turned on by forward
direction signal DIRF 1328. With the first evaluation transistors in higher bank
shift register 1204 turned on, the forward input transistor in the second shift
register cell turned on, and the forward direction transistor turned on, internal
node signal SN2 in the second shift register cell in higher bank shift register
1204 discharges to a low voltage level, indicated at 1476.
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precedi ng shift regi ster output signals SOL-SO12,

which are at |low voltage levels. Wth control signal
wEBI324 and shift regi ster output signals BOUUSHO5/011723

13 in lower bank shift register 1202 at | ow vol tage

| evel s, the forward input t i%hsistors in | ower bank

shift register 1202 are turned off and each of the

i nternal node signals SN1-SN 13 in | ower bank shift

r egiTHefirsl 80Auatiomiransistdrs g theshiftgegistaraledis il foavdribrastk shift
eval uation transistors in the shift re?rilcftgﬁ[ cells in

registei202:A1R RatituinedeR by SMing pyisg, ¥G] HUBMsH ngge
sidrelh, B BENGS 1 t6fiorbant ShitiBBisiofo2bichiah st il ifbe levels
atvd78agdss caaritel siiinal S NC S8244681 shiftregistey asitputsigraale

t 1304 is. not ided to b | ect ad .
S@era 14 i highet bBRK shitfolstemith SfrtioniRERdetets, which
tur?iérdff‘&éfoﬂvglﬂj @?h%ﬁaﬁéigﬁ)rs in NXSthet BRFNBgRIESRIB48 BigHer

I'mng sign 3 at 1308 is provided to higher bank
bawii shift regjster d20420Xith the farwarcingut ransistars @araelvaf the other

ot R ! ARVl RS ARG IR 20
o S e Fi Shor - bank Shit L.eg) star
1204?urin93ﬁm6$9/\awk§eiWp?@tinémjﬂmsg%law%ﬁ tp3 12, bt r%ﬂisﬁi?r

) e . _ . f

o 505055911558 FERhPRer o9 oMt N G evers

atat48eackisof durirey tinirey pslee fu70egverss dicettion signalHeiRR 1326
recedi ng.shift register t put . Si .. SQL- SQ12,

crBRges 0 8 dich woltasls B! & A SO Rl aARaL i 1328

s PEANBHE A6 Puliogh 8L I akan, Lensly (i pai o0

adriebss signhalsghdt, PARK.. sHT 133G giescharged da angfarfmaintained at to

nig§plads Sainat (AR50 QU o Al Slang L VAL faa4p myjed to
a IRevSIesRIBvE A 148620THRS ®w 06ltdge levBl BERY eralticNsiGhals

regl ster 1204. Also, the forward direction transistors
BY.

L ti@Bdddroalf ggdressriraduationdeansisfoss ipnRievenipddress.

Wt o . ; . .
o i 54183 A5 3205 169 ogles 09
Ietlélé.nﬂi%hﬂ bér:k adiwegegwo?bsé signalsi iataaidresd Sighglsrrdm, ~A2 ...

on, an e forward direction si st.or on,
~A$ it 888 aYerao@id duging) ting n%%@@@é&%@ %‘Iﬂ[ ﬁgfﬁegi ster

i b1 b e . !

251 ol ST BLISONIT 2 ihing ARl BT AT 10 fra0HS0bAY

e\valwdtiont framsistoas i lower bank shiferegistér 12@2) and dighueribanki shift

relgi)s[t,mgr:]bf(gﬂ m\éphll&@ghgﬁrlﬁgéﬁeélgﬁﬁlgglﬁ&%nﬂ%&-ﬁl\ﬁl’ﬁg aP RigRX/oltage
levels in higher bank shift register 1204 and with internal node signals SN1-
SN13 at high voltage levels in lower bank shift register 1202, during timing pulse
1472 shift register output signals SO1 and SO3-S013 in higher bank shift
register 1204 and shift register output signals SO1-S013 in lower bank shift
register 1202 discharge to low voltage levels at 1488. With internal node signal
SN2 at a low voltage level in higher bank shift register 1204, shift register output
signal SO2 remains at a high voltage level in higher bank shift register 1204,
indicated at 1490.
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signals SN1-SN 13 in | ower bank shift register 1202
remain at high voltage levels at 1478. Al so, control
WwWGE2@uabs488YNC 1324 and shift regi ster output sPQIEEm05/011723

SO2- SO13 i n hi gher bank shij(}g regi ster 1204 are at |ow
vol tage levels, which turns off the forward input
transistors in the other shift register cells in

hi gher bank shift register 1204. Wth the forward

i nplimingapdsa 1678 al$d furesoh evaluatiendtransiston 1266 and wogérol

ou s R NG Lo RS e sBA S0 o
didchBigrdverse ditddtibr SighhNDIRR 9132836 aHdd Witagdlavelsitap4. In

register output. signals SO 1332 are char g[ed to and/ or
adgfitiont timinaipuiseHiATR tUES aevaluatio’ psevertign transigiors in lower

e e e
evhluatien GighaleCEMAL $33hat a RlvREoliéa’g”tBIelvel it furas méﬂe\zﬁluatlon
tramlﬁ@r\églﬁtjﬁgzgélgﬁveg I,cp&lﬁéﬂ.sl?gdndallé IS,%%B?E {:iluﬁ g til'g{;n@gr;] glu%u Tc' f72 are
sugll? ﬂi%gguetaﬁndﬂrﬂé iQfer'But taé@@ﬂ SR gh%EVé@( %ﬁmereb%\f@.l $204

I ¢ eval uat sl gha 1334
is aiuda hiyh valtagel leveharid alyetHes wbift myistéBeutplihsighals S@H targkeSO3-

sfiruahe Bk enicbRler | At el ¥rupdilerdlipulaonais so1-
sd@rﬂﬁbwe%énkrsﬁm @Qlétéﬂgzgﬂéfeﬁéﬁloﬁi \‘Zﬁlﬁig% lzfdls, ~A2 ...

| ow voltage | evel s. Hi gher "bank address 14
addﬁwmgsplgaalwmrm dotne signal BAGlad 1320 is pravided to loxger bank

oG5 207 b S R R 5204 8 g 2R3 oot

PRB, Goldiicatol Biregic aRdO v edutht e\mluéﬂ(ﬂﬂﬁgﬁQHEVALn drverlogic
bank shift regi ster. 1202 and hi gher bank sh

evalugtion &re-cherge iransisions & mermg lagig eueyit 4205 2 higher

b ot o 4308, DU oE (NG i 1y L Bk giapae

Plﬁ;o hn’@dnnaflqidcmg@ghah&m in hlglhe‘wbwzanbaplft mlgus_‘ter 12@4 shamges to a
t t t t

nid yliace oval i e Eel ek HegiA nossdal AN 7885 S

m%gf\%ﬁr}&gg’( ﬁlBhf\foltéSS'léJé?é irPlolR bahk SRR fegifter 1502 a%dlrrgher

shitt™register 1202 di schar
bawlsishiftyeedisterell 204t TiMBg. pue A47hirefovath etcaﬂ@atmrgﬂghaWAm

b SGE B3FabEY T M PR ALl PA ThE g \Ghae
leval gévared Hﬂ@@ué@sglnal DIRROI326 thaikofs Bbhfrolrtetsiéter 1224 4nd

indicated at 1490. Tim ng pul se 1472 al so turns on
dlr@ohmrmalgln@hD!R5ﬁ§>i2§tr@rnalmseh@fsedd@ﬁthlgh voltage level. During

timing pulse 1474, each of the logic evaluation sighals LEVAL 1334 charges to
high voltage levels at 1497 in lower bank logic circuit 1206 and higher bank
logic circuit 1208. The high level shift register output signal SO2 in higher bank
shift register 1204 is received as input signal Al15 in higher bank logic circuit
1208. The high voltage level input signal Al15 turns on address transistors in
higher bank logic circuit 1208 to actively pull address signals to a low voltage
level in address signals ~A1, ~A2 ... ~A8 and provide higher bank address 15 at
1498. The other shift register output signals SO1 and SO3-S0O13 in higher bank
shift register 1204 and all shift register output signals SO1-SO13 in lower bank
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pul se 1492 in control signal CSYNC 1324 turns on

control transistor 1268 to discharge reverse direction
wak@nabs4ed RR 1326 to a | ow vol tage | evel at 148d1/Ub2005/011723

addition, timng pul se 1472 &grns on eval uation

prevention transistors in | 8%r bank logic circuit

1206 and hi gher bank logic circuit 1208 to maintain

| ogi ¢ eval uation signals LEVAL 1334 at a | ow voltage
shifergjistehap02 wra st iy veltageulevelsrthat tuns offtasidses sShiafsistors in

lowarbania agia et TAdE SR hERer bansapaibencitipae 1ghiscnarge
adﬁ%é 5 H%&hﬁm hm&%s hinfet atr X863 t Fie 448rbsk SigHal@~ANgRA2 ...
VO agg evel ‘and all

other shift register output
~As8 gntB36 settlednvafidyaluss dugingtimingtruls®aAk4shi f t

it 204, [ ). ' ' tn-S4 | s .
sor - Thehadtseries i st i dpiistS PLE T Bla.fUhY BT 8T8 Shis e
high? %&@%e leRisebift rEitatD Uplissigdi =RIOR o thethegt shifregisBF Gell in
at 1320 is provi ded to | ower bank shift regi sh%r 1202
higiner banjnehiftsagietesHi204 tpaypyitea highxoftage iev@ shitt register

- i . i i L it i
o RSSO R A ARl Bk shit RAPHER §204 8nd it b tidrBss 16
in Wd@r@&@fggﬁah[]m it;sﬂtzlzr.s ~AR atohiS6. lﬁhifiigbggjrrbDilrJUES guihteach
1206 and hi gher bank,] ogi c clrcui . ri .
serieniof pop LSS BusaS Mt AN SiplteSHRler SETRH IR T E0 13 n
P e e Ses, See ek hift
register outpuksigaal $0d8 is higher bagk shifBregister A2+ has heendigh and

b v 39 Aok B SRR RS 202, -no

atl 18350UT BeBivathealdxPBeféoBphddréabds iowasbank siifd registen1202
transistor 1272 in direction circuit 1210. The | ow

or\kd?hargbamleslaift registarsi? 0di astbe BiitialipgairoYidRIoverbaniy ns
L e i
oﬁﬂelvbf]& m[éé%%flg& gzﬁch of theh! o%i C e;/al ualti on t
S arges (o hi 0 e.lev a
T457in ferwamrasdion QRSGRIOT ot urer Baalaib BFaistEh Le0% 2he
pJgSIFJFBrFH Fds\/\?é?grn%a%nk]s@ﬂ??g#1 Righ éﬁﬁlﬁﬁgéfiﬁ cbﬁﬁbﬁéiﬁq%IO%SYNC

gher "ba i ft register

13234 [samrevided substantially sogcideniwith  timinghelsebatikning gignal BTS
circuit 1208. The hi yolta l.evel .inpuf si I

ot 1 T loopetanaciregton absritfir 8Hhn rimGare iBter) B, Lot

L5 G| ' | ir@iafy soineidert oith
PGt 0 SOUNEEL 2 M opdé i) ot ke
tipirgvpalselin Ging bignkl Bl datI$0950 start aowitiate dowsereank shift
rersgl?%tfﬁt% d 5@% :srﬁltft(lenr g g%é)nu{lo I’?ellg%nﬁlgﬁaﬁ% L?d?\dthg%if?gg?isfe[? output
signals SO1-S013.

In forward direction operation of higher bank shift register 1204 and

{

providing higher bank addresses 14-26, a control pulse in control signal CSYNC
1324 is provided substantially coincident with a timing pulse in timing signal BT
at 1316 to set the direction of shifting to the forward direction. Also, a control
pulse in control signal CSYNC 1324 is provided substantiélly coincident with a
timing pulse in timing signal BT3 at 1308 to start or initiate higher bank shift
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shift register 1204 and all shift register output
signals SOL-SOL3 in | ower bankshift register 1202 are

W@roos00845®l t age | evel s that turn off address PCT/US2005/011723

transistors in |ower bank logic circuit 1206 and

hi gher bank logic circuit 1208 to not discharge
address signals ~A1l , ~A2 ... ~A8 at 1336. The address
signals ~A1 , ~A2 ... ~A8 at 1336 settle to valid

regad;teeszm shifting arhigiy vplihge siyhzrthrdigh ﬂ@éhlﬁ@é%lﬁﬁar‘éfut put
ng ggl ses in timng signals BT1-BT6 shifts the
S'Hf‘aﬁ %@1% 9431 evel Shl ft register out put signal S to
t he [ f
PRre IBIiET ﬁrﬁ ra?ﬁ 'ilst‘[rﬁtl@%% @Fat ev GHSJHk ste]J?ct address

regi ster 1204 to p age
ge@qlamre‘rZQﬂJltnpibs rsvgnald n@@ﬁon n Theqmemg tsdgrials BTHEBT6 provide a

T &f 9 opfees 3¢ el o 18P Sty P st of the

tIM@SIQﬁQB BE1B7% Boviies drie"blﬁlge Wllfe%eﬁ&t bf su‘?gﬁL% §h' f t

regi ster output signal - 3 1n higher b
r egi Ky @pe souas ﬁﬁglxm@esﬂlghnm@eal Bid aiéﬁﬂ@snsludgs tlmlng

o5 02 g 58531734 20k RBRL P e VBB S

B@dcit d$9826clhdss timdmg puke tﬁa@ tlmlrﬁ?gidfgﬁ5$8$4%q|5321ﬁéludes
he next seri

t"ﬁtﬁ@r@é@%ﬁ%ﬂo&@m%ﬁﬁl@agﬁﬁ at ﬂéaﬁ mcéudqsztmm pthlsg H&ri8 and

f t t
aksaRalTS S81920incdad ARpalukaloRa, Shel Gl it
CEANtBat ﬂé%mhud@ gontiod peuletelsethat et therdivection bf skiftRIEIA bank

seflefiaddrifs opfefddn b an il ladbchank Phapalsiand 202 and

BEF Bseshilrégister £ si gnal
%SYNC 13 24l |rs§§ré(;rw ded{o?uebrgﬂg%ﬁdg}leg%%? (I’?CSI dent with a

tim he bﬁglns aeither lomien dpask ghift regigeni 203 h6r higheebank ehift

reglsi%rmié) @ gbf ! 'dn(grﬁc?gf]h ercfaﬁ Q%é%lﬂ%@ﬁ%g P P'?t%lysaobontrol
puls@in e@ﬂralﬁ@iamswﬂbwm NRESBE dielhioR sign@ DIRRWSES26
in timng Si %nal BTl at 1300 to start or initiate

hasoheen shpgestipra highgiokiage lavehthaftumsi %thmlgrans@toagém

e T

vditaga lavelf ﬂnteemlstoeie sigals SNlap1530 th :m]ftheglbfﬁr defiskn lower
RIS sty 320250 aahet bt ap oistar rand reerin aherged to

h|§h ToREgd 1EVess, whith H]s@ﬁa?egéﬂ%?lﬁ% @%rm ts‘?%ﬁﬁls ﬁé‘gt 1532

direction of shifting t
to dow ypitage Ieugls e The lagiaevaluation mgna@b(EKZALSESM ie lower bank

Io&c%Yrchﬁ qz%% Shtaa'rqlltghg} !)é/n Jg?cccl:lgc% t1.5_%8t remam charged to high
voltage levels from the previous pulse in timing signal BT6 at 1520. Also, with
shift register output signals SO 1532 at low voltage levels, address signals ~A1,
~A2 ... ~A8 at 1536 remain charged to high voltage levels, unless the logic
circuit is initiated again or address lines are discharged by logic circuit of the
other bank.

The timing pulse 1502 in timing signal BT1 at 1500 is provided to lower
bank shift registe} 1202 in first evaluation signal EVAL1. Timing pulse 1502
turns on each of the first evaluation transistors in the shift register cells in lower
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timng pulse in timng signal BT3 at 1308 to start or

initiate higher bank shiftregi ster 1204 shifting a
woe@h/1vabi age signal through the shift regi st ePCDUS0$/011723

signal s SOL-SO13. Figure 18 js a timng diagram

illustrating operation of bgﬁk sel ect address

generator 1200 in the reverse direction. The timng

signal s BT1-BT6 provide a series of six pulses that
bahle&taﬁt reigistar ﬂ@@kaﬂha@&n@oi elgnaszYNCbﬂlﬁgémmamﬁtcd low

vl Ko A e RIR B0 P o5 e
le\léléﬂmcﬁ hgrRadff Bdch 8f th%ﬂmémhbdﬁ@aﬁélﬁﬂow aRdleach b5 0%
timng signal BT2 at 1504 includes timng pul se 15086,

revdrae inputittansistereandhe sbifsreistenerlls inilowagbak skiftrsgister

12D g B dbonlye1 403, tigRobicirRgofil Rfweed gnd

re\?é?ge‘mﬂlltftﬂar%ﬁsm&l pr%Véntaﬂhelﬁtfé%amﬁdleOk&gnéls rsmg5eoms the shift
22. The contr-ol NC at 1524 in

regioier celle Tuloves hani eIt register AZPaanidralos ank shifgegister

IS 0 S s

sigregs ﬁt\H?ﬂ(ﬂEberngm a%d‘n%m ?DHEGQE’HZNG&S eEhel tidéhg polsbedi0B,in timing
t

Sigfl Bﬂ%tﬂ%ﬁ e eioVded 19 BN 5lertiack RS oD R0F Lagb and

ea&ﬁjs?%rf??%ﬁl%f 524 dbjﬁrr’h gAMb Yulseih 5661 N cont rol

ever se d| rection si %nal DI RR at ]
1526~lem,stlmu§©rptdhar‘l§éa in §minchsighal/BIN'8 & d 508\ previded to higher

paik i isieT gt o G EahBlint Sl ViR Rt b Fapl Utne

ﬂrétfé’%laﬁfﬁtfoﬂgﬁaﬁﬁé‘t@fs inl mgﬁérﬂﬁénMﬂ régisterl1203N Hie d&dAfblisignal
register cells rn |ower bank shift register 1202

csa\ﬁracm apferernaink at g lpw voligoeteyel erdpll shiflirpgistes oyérbtisignals

sS40 85 AL il S RERTIABA by g o
trdlngﬁr% aanEI;ela%mlgi m(:e?‘:egﬁlt@tigpgtﬁwa;%lﬁbfs inEl’b(élsh]ﬁ%g(;s;iBr cells in
lowsr et SBaeOIATI 4053 BERST BARK SHIISOISIge 14 eFE non-
cotﬂ\pggﬁq.ﬁ% rRGRY ?ga SRt Snpit thrﬁis@Qrs%r%V?ﬁt tﬁ%ﬁn@g%aig@e

regi ster output signa
sidrmle SO 153@ ir #needhift regidies cslls inglowles bank shift-register 1208 and

.at 1536 remain ch h vo | ev e
niglhes s e redister 20T cincDAralfa dipw it i ad snit
re@&%rdht@?ﬁarm sﬁ%nél@@N 1680 ‘?é'ﬂnblrpét m i v@tta 6 |K. The

I mng pulse in timng signal 500|s

pr ovitgeliming pdeer! 514 in timing signal BT4 at 1512 is provided to lower
bank shift register 1202 and higher bank shift register 1204 in second pre-
charge signals PRE2, to direction circuit 1210 in third pre-charge signal PRE3
and to lower bank logic circuit 1206 and higher bank logic circuit 1208. During
the timing pulse 1514 in the second pre-charge signals PREZ, all shift register
output signals SO 1532 charge to high voltage levels at 1538 in lower bank shift
register 1202 and higher bank shift register 1204. Also, during the timing pulse
1514 in third pre-charge signal PRE3, forward direction signal DIRF 1528 is
charged to a high voltage level at 1540 and reverse direction signal DIRR 1526

is maintained at a high voltage level. The timing pulse 1514 is provided to each
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bank shift register 1202 in first evaluation signal
EVALI Tim ng pul se 1502 turns on each of the first

wer@bued4sdn transistors in the shift regi ster Bel/US2005011723

| ower bank shift register 126 The control signal

CSYNC 1524 remains at a | ow VI tage | evel and all

shift register output signals SO 1532 are at | ow

vol tage |l evels, which turn off each of the forward

of theutaddreas $ins poe-sharge wansistofs ahé evaluatior pramﬁtlon transistors
ster cel|ls.in. |l

LGP PR ait irk 0 220k nd kST Shnkouts stcutelEE ofiming pulse
1828 haintihd88de8 Sifidiaaforner d g of ¢554 %Fhig'ﬂ%ﬁggs levels

transistors prevent the internal node signals
ane tyunne arhevaluation prayentien transistore e pub dogic skaluation signals

shift register 1204 from
L%%Lh{a%ﬁ g?zlgﬁlo\?og%gg Q%Ptagagﬁgevel Al'l shift register
i nt errnaﬂngrpm@ $5¢8 ﬂmﬁrhé; éh A8l BE5R N586 ipafvided ioala»wer bank
levels. The tim ng pul 06 in timng signal BT2

Sh'ﬁdﬁgiséefnlﬁo%am/hw@&f Panbéhlﬂ register 1 rnemccg*@lr@raéwairon
S%HEQ Lﬁggbg%& c%f\!crlrr{cﬁfm'ﬂp %gﬁg\gﬁgaﬁéﬁ B@%a‘ EWA:L‘I% and to

|oRES batnk 166i8 dirsuib rlQ@Bdmzﬂ Imghlalr el Iolgiandgretiit 208 e'ﬂhéitlﬁ’ﬂng
f t I AL1 to turn on eac
pigRe a3 Bin seRond SVaLiBR Signae EVALLAUMS oh gAER of i second
evdlubfior ﬁ'gh§|§ﬁ5rs 1112% sﬁ'_ﬁ(?e Q@rrc%hs 31 %ﬂ@r bglﬁ}( lf}?ggé?ter 1202
al egister

remains at a | ow vol tage eve
a@dlh[gherihagkslhsﬁ mlsiaeﬂ% eWith tmmtanhalag&ié signalks, SN 1530 at

f th d
niffyeltabt 16t fo BFE uPladn Grhe Bl e it E'Féltnsthfeﬁmft
refg@@est;@lrs ingbwer bank gnmrregmfér w0 éndl RRfhet %nll%%t

her bank shift register 1204. The non conductin

Ve ehifh Fepistey eubautisignals 5&&@3&d@cba:geetmdnw valiage levels at

04 O o A Ao
e&z&mﬂrﬂ@htrﬁhs&ﬁg i1266r CdHirbl fsi‘grml dSSN@r1G24gs e a&mlrv%ltage level
vol t age vel . Al shift hé]lster i nternal node

tostiuaha §°§ ohansision RS AnciiAtioBIsianss DIRRe1 226 meraains
B 1t )| 198 e 543 0ol g o
thbamAallmthht pneegmsnretran@@tbrs in mmmg@@g@rrgaltsgoﬁairﬁl higher
ta dj t t hi .
ofiogic dreel 8.+ Ehe o husk haltuins G2 eBE p3d avluation
prevehesn Bankistargitd heid Iﬁglde\ﬂaﬁ%ron[}i{;hélg L‘E"WAL P}I)H%?%t lqw

pul se 1514 in the second pre-charge signals

V@ﬂﬂgﬁtle\f@@ diherlowuqiiagede el dogic sgatlation signade LEVA 1584 turn

n | ower bank shift register
Oﬁi%é (év%ygxﬁpattai#i&gﬁ regi ster 1204. Al so, during
t he Tmﬁh@@ulﬁé B822 in timing sngnal BT6 at 1520 is provided to lower bank
shift register 1202 and higher bank shift register 1204 in first pre-charge signals

PRET1, to direction circuit 1210 in fourth evaluation signal EVAL4 and to logic
evaluation pre-charge transistors in lower bank logic circuit 1206 and higher
bank logic circuit 1208. The timing pulse 1522 in first pre-charge signals PRE1
maintains all internal node signals SN 1530 at high voltage levels in lower bank
shift register 1202 and higher bank shift register 1204. Timing pulse 1522 in
fourth evaluation signal EVAL4 turns on evaluation transistor 1272 in direction
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1514 in third pre-charge signal PRE3, forward
direction signal DIRF 1528 is charged to a high

wo odosagass evel at 1540 and reverse direction sPQIEB2005/011723

DI RR 1526 i s nuaintained at |ZI gh voltage | evel. The

timng pul se 1514 is provi deb1 to eachof the address

line pre-charge transistors and eval uati on prevention

transistors in |ower bank logic circuit 1206 and
cinth¢21Ghankelhugh voltagelevel reEx@&se diredtion siguhesld)lm4526 turns on

oo TsEE TR 28 I sERATR Tretion Sl IRF 1528 taaliy hltage
letvégﬁﬁﬂ 54®r E)uhﬁ? nwuhg |pQ|‘I5é31 @zaﬂléa%hldmhé 'ICSQ?@E%IEEM% Tsigpals

| ow vo 'evel s at 1542. Tim™nhg pul se
LENAL ‘rﬁ?rﬂgclgar@ﬁalto woltapgsllevels qtm@@l)dedbwer havelogleagitcuit

1205 Sl 8 4 AR08 R R 8P g s0

1532 atidw 3it4ye fevely, il aeueéssattarcmstsrsmabwﬁv%ﬁk fotflc ERcuit
ank logic circuit 1206 and hldlgher bank | ogic

1%@6 @ndﬁﬂg_wéoarﬂwégtq Glice 1R08<re temed off gad aeidress signals ~A1,
~RY21 4948 Peindli2aRlign Witk lVERS P FRF Uoflod REGPRAGARY.

eval'uation transistor q%r ce
direotion dgnal BIRF 1 52@gndthigh (A8eletehicybese disedtionndigial DIRR

1530 met sk sk Guilet 4204 ARA gl anioHikeegmies g for

Smﬁﬁl\@ ihtA8 $evdreb Hircbtibme shift register cells in |ower
shift register 1202 and hi gher bank shift

r egl b‘t ihe ned serigs lof sixitiningguilsase tinvog pignas Bjradts! 590 includes

ot nilss TR82 el MRl RTS BT aPTTIGasL it bar1354, timing
sigHaNBTY &t 4 %08 iadiLdes t:marrgsllbmta@ M 5566ﬁm|@§'i?hal Bw%%m
CSYNC 1524 is at a |l ow vo | evel urn of

'néBiﬁileﬁdlm'ﬂgé}‘A$%ﬂé58 tireigg signal iBTécat tﬁﬂ&,mgh@lesmnmﬂgm

'BhA T sk B ethtof oD iKEHBI AR Blise (4. o "
pr e\éﬁhe Elmmng pah;elbﬁﬁkmiurmmoh @aeh dm?'“ﬂ%sg@“’?-'r‘]‘@“?ﬁ lﬂﬂatn3|stors in
C ¢jrcui e tim
(g ATUle FTIST ST B C RORK ShiTt 66 oRT 2021 Brpaptio) BHLaH 1564
intdMAl §b|?|%$CtS3(M@|1@2|4C{G|‘ %&H"Pf e rVERd if ErFtY@LrSIS’cors in
1534 at P eve

ow vol t age | eve ow vol t age
thbdgsfcordhumﬂiﬂh ehlfistegls&rscdﬂmlomﬂmanmmft oédisttdi2é2sand

nigiEr AN e R e o et elr Rt ton rersigto i are
tubrest 6h 9y r&vErbeadifbdiibe %@gndmRRS’fEéé VGG tﬁbﬁfrrst]e’%%uétrbn

first pre-charge si PRE1 , to direction circult
trarsigtorsine lower hasl gh bltagdﬁiem%@%turmlgm ﬁm:lretverSaalglput

tre?ﬁ’s%t%?% |n2@8g5§tn5341@ ﬁ%‘% %El?é ﬁ}rﬂéé ohn er ret{/%rrlge dlrgctlon

circul
transistors turned on, internal node signal SN13 in the thirteenth shift register

cell in lower bank shift register 1202 discharges to a low voltage level, indicated
at 1566.

The first evaluation transistors in the shift register cells in higher bank
shift register 1204 are not turned on by timing pulse 1552 and all internal node
signals SN1-SN13 in higher bank shift register 1204 remain at high voltage
levels. Also, shift register output signals SO 1532 are at low voltage levels,
which turns off the reverse input transistors in all other shift register cells, e.g.
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bank logic circuit 1208. The tim ng pul se 1522 in

first pre-charge signals PREL maintains all internal
woos/1834ghal s SN 1530 at high voltage | evel s i PCT/U8805/011723

bank shift register 1202 and gi gher bank shift

regi ster 1204. Tim ng pul se 1822 in fourth eval uation

signal EVAL4 turns on evaluation transistor 1272 in

directioncircuit 1210. The high voltage | evel reverse
shiftrregtstencalisgtia-B) RRinlioaer banhshﬁhragwtér ©202.r With theakeverse

o frag8 gt SEch N4 IPRLSNS Fiagan A SHS if lowa bank
sﬁfft rbb%téIOQZ@Z RyAAIMAL HiGh b %Véﬁvﬁln&ﬁiﬂuggafmsmttﬁ’mng

volta%%levels at” 1550 7 n | owner [ ogi c
SIginal:BTB at A504dadnoh pghéded)‘mlﬂkambgelec’rcﬂddfa% genemtowzmﬂ and

s S t |
8 sl Perh@P's UritheRbB b HPTRG PR T | over bank
| ogi Plesdt, tiening pLisks 1656 |mtugn@rs@ﬁ@|kBT@9t q593 fslpr‘dwd]e%ol% higher
are turned off_and address si gna
baglghift registeyh2Qbin ygtevalvatien srgnal EVﬁLﬂdpttka@bOm @e@ln of the

VLIRS SBEHA0 S T o Bl 1280, Y95 2ot s

CISafNC sllﬁeﬂtlrggzag?sait.‘a rI]dxzfilﬁmlt.agwl ld\ﬂeﬁhﬂd sbﬁhﬁewgeif butput sngnals SO
iste or, shjfti the reverse directj
1532 B ahioW VallAge.leVgls e ha st Seaister (12DAgwhiciums off

e&?ﬂ of;%hei@ggafd;@:pgﬂgén%l:sgrﬁ gnH u‘é'a?@ of g@% reJér?né ﬂ'gal{;t :tt%\ﬁglstors in

h@nsr hank 50t lfagdﬂteﬂégofi i hegqopedaneuttbg formiamd mgldsregalale input

wtestys bRntietiR St S HEESAEddh el Hhri T register
1304 fran &E@hatgl ailew vulage tdvel.ngll @.ﬁlfﬁ@gis'iéﬁmtérmal node
timng pul se 1552 turns on each of the first

sigpalsuaiN il orN13 smaig@@bbgnk shiftyegister 1204eginainrat dégh woltage

Ieygger bank shift register 1202. A control pul se at
4 in control signal CSYNC 1524 turns on each of the

r eveDsieing tipihg tutses 1 55 irstirimgt SignaldBT4 at 1512 rdlieshift hegister

hi f | | bank shi f 1202
o HiopRt SIS Zave enaresd 47 biohuaags puels S1B0Rc Alseaiuring

b oSBT e R RS e b8 S O EIR AL B3flidned ot g pioh
voltageslieseloarsd fovmtlaod\/drreumrkSIgharfll)lRI%gﬁES ehaf®B8Zotauhighd/oltage
ever | np t r.ansi st e l.ast shift

eFBLA 150 iR omh g B e 1585 Bl Sgdfestigneh ~AT,
~Apansisg a536 ta‘#é ﬂﬁé?lnt‘émed aAtagn %blt&t?é?' %v%lélaﬁdi log\&lévwﬂa ion

the thirteenth shift register ce [ ower
sigaglisdiYAL 4634 ds pulied tes low valtagﬁvlawel at$272.eVbE low voltage

lebgﬁoﬁﬁ:tee\galﬁétlo]n5§ 8hals LEVAL 1534 turn off address evaluation transistors
to prevent address transistors from pulling address signals ~A1, ~A2 ... ~A8
1536 to low voltage levels.

The timing pulse 1560 in timing signal BT5 at 1516 turns on second
evaluation transistors in lower bank shift register 1202 and higher bank shift
register 1204. With internal node signals SN1-SN12 in lower bank shift register
1202 at high voltage levels and with internal node signals SN1-SN13 in higher
bank shift register 1204 at high voltage levels, during timing pulse 1560 shift
register output signals SO1-SO12 in lower bank shift register 1202 and shift
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The first evaluation transistors in the shift register
cells in higher bank shift register 1204 are not

W eoosaas46h by tim ng pul se 1552 and all i nter ne€T/NSE5/011723
signal s SN1-SN13 in higher bank shift register 1204
remain at high voltage | evel S.” Also, shift register

out put signals SO 1532 are at | ow voltage |evels,
which turns off the reverse input transistors in all
register ositputisigreds SQ-SE3 i, highey. tzan'kfshiit eggistes120dldischarge to

03a- 403 shi f (th th
Iy aAGE eysl ot FEFL, BRBroRibal nddetiSha SNES B aldbidorae
Vel RPWgh Bamk SNt Eé@@t’ér HROD oYk r@@lgﬂér%htﬁdt il Scm remalns

1202 remain at hj vol tage | evel's. Tining pulse
ban

af a highvelgaas lgvel lngwea ehift regisder p2Qsiladigated aiaWG
ncha BB HTSE 198D Bims PR SRR BAYRRISPr 126G P PEction

cit&ﬁﬁﬂzmt Contol snggaHCSB'NI) 4624598t & Sownoltage tkviedto turn off

her bank% ift glster 1204 in first _eval uation
ce'ﬂ eldransisgtpn 1268 ?ijrf yersesirecien sighal DIRR 140 paips charged

tc% % ﬁ{@ﬂo%lﬁg?e leleli BNsddifis) lflm°‘|E)gfptulsreeﬂ‘}fi'?d ﬁ.f me %Q%vambqlon

signal CSYNC 1524 renti'ns at a [ow vol
prevestioarichnsistons indoiver Ieanlolm@mmnrcmﬂg’t%ﬂt‘samhim&z bank Iag|c

clp N0 FRE AR ML Bole oYE TR Sa0asd Vi 500 A B vafce

levts RAE eff etvlamam@hetrmustawtsﬁ.ﬂae@sfér%mput%ughéiﬁ g0 1532
bank shift register 1204. The non-conductin orward

sefle dusingrtiyvingripise f1paAssWrvihat pre ebiit regiater nuﬂpuh sigaal SO13

i RRT skt dstel, 202 SeflostP a0 yolipb€ el Bpp otner shit

récfigties batput BighaaB 01080 19 ig newer Sk aﬁiftlé istbrMZUZeénd all shift
bank shift register 1204 remain at hig voI

register Sutmih sigiipls PR Tng O i diahesdank &hlfﬁfeg;st@r 32914 sgitle to low

&l 1 shift register output signals SO 1532 are
v@i&atiezgeﬁ to high voltage levels at 1568. Al so, during

ti m fgningl mese 3562 iiretimirge sidnakbBT6 @b 1520 s prdvidRii bdever bank

bt gt 220 hihe: Daskehif o Teod Msh S ohage signals
PR@? Ito @Treé@cmmréﬁlt @2’130 il fbrﬂlrthqé’lfa'ltfbﬁloh' §R'iﬁ‘él E\g)#g@ ahd 18 logic

dress si gna s ~Al
emdmatlam pegtchargsi fgansxsibragvdomv bhpk mgjc bmgmﬂaoalaudthigner

' l. 34 . [l.ed t
b3h8 B R Pyl sfing BfecibizlBirSitrer Giie Slanals
PREVAlintsh# nodersigidl SNIE RSipwey @bhﬁtshﬁﬁrég" ﬁéﬁﬂ@@@ ERalges to a
prevent address transistors from ﬁu l'ing dr ess

higihgrpilage-lavel at 1882 and maintaing@llas erornﬂemat ra@cte signalssSN 1530
at high voltage levels in lower bank shift register 1202 and higher bank shift

register 1204. Timing pulse 1562 in fourth evaluation signal EVAL4 turns on
evaluation transistor 1272 in direction circuit 1210. The high voltage level
reverse direction signal DIRR 1526 turns on control transistor 1274 and at this
time direction signal DIRF 1528 discharges to a low voltage level at 1580. Also,
during timing pulse 1562 each of the logic evaluation signals LEVAL 1534
charge to a high voltage level at 1584 in lower bank logic circuit 1206 and
higher bank logic circuit 1208. The high level shift register output signal SO13
in lower bank shift register 1202 is received as input signal Al13 in lower bank
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The tim ng pulse 1560 in timng signal BT5 at 1516

turns on second evaluation transistors in | ower bank
W@ biostiosey)i ster 1202 and hi gher bank shift regP&I/882005/011723

1204. Wth internal node si gﬁ s SN1-SN12 in | owner

bank shift register 1202 at hi'gh voltage |evels and

with internal node signals SN1-SN13 in higher bank

shift register 1204 at high voltage |evels, during
logiewingpipi26® TbehighvéltageelgivetiapubsigpaitAldBdumisson address

SOL- SO12 | n wer bank .shi f er 12 and . )
rShep e s Wy RER Gl 2 0BaR S ay Mo Riiaress gignals in
a@amefsts, ngkﬁpemw dLAg han 886 tt@ gk%é/ rav&e&%rikeé/d*dréséﬁs at

[

rnal node si | ow vol tage
15%@e|Th|erpth@wilﬁ tﬁ@mtemumutrsama,ls &0115@212 igHower bank shift

rloffef 252 AR, E iRl oo slorE, SOr560 o e st

retfistér 1Z04nang aplovs eolfdrfidleablsahbtiung offtadeivédd BahsiBtors in lower
tranpsi stor 1266 in gl recti-on circuit 1210. Contr ol

bankylegic 146 and sigher bankpgis cirayis 1288 dp nopdisgharge

a&’cﬁﬁeﬁg% %AgaﬂAQSt U 2695884 BYRIdTEs %.E; ||%' Y ~A2 .

26 remains charged to a t age
~A8\aél1 53Brsedittbaltd valid, values dgrupgjhermgbﬁlset’lﬁeis on

ol r i el SEHES bt Sl BEmLT9e5y Fevits palel B1308 1600 includes
urﬁmgn;s@sé 1'5‘88 fimRpsigakl mz%&%@h%d@é%m% pm%eh%% timing

vol ta% eve s to turn off evaluation transi'stor
sighalfB T3 a1 6§08 indudestimingypialse 153216mm$agnale8mua:t 1§12

gl ety 356" TS, Wi 1S 01 e oAB TPl e

1596 anditighing eignag 8 Teeatel52andclabbs @ih’nﬁ?< p&l@s'ef159899' ster
out put signals SOL-SOL2 in | ower ba shift register

12001 B diming Pylger 1585kyms ep e@@hmﬁﬂh%fl@ﬁéwglusmn Sernsisters in
th@'ﬁfﬁf’eé@rfé:fncém i lo(/\fég PEEE hi'ﬁz%dgﬁﬁ 556‘29 ?}og?v%%’?’ea%é%ggfothe

vel s
reverger mputjelgnaks $I¢R/\/gsthohm1h Elgmrfetm/le)g;inih@lshili&%@lswﬂcells in

hi b shift [ 1204 first
loeD Rank SBREEBSten 1407 e She sRVaRF dupt sio ST fdtied4bt shift
re@}é*?éﬁé’éll @rbo?\'tr‘épélbngi‘/@g‘?l\ﬁf‘%é@ \lvﬁﬂ:hﬁs ?Ygllb\ﬁtv'oﬂgge level. The

pre-c arge transistors in | ower ogic circ
reyece iapdt hlggaleSIRaah&acbrogf theadtheushift register Deils igythehmext-in-line

sHit Pae 8, B S oL T B Raisie Chdteit siagrLsei3 in
Ioﬂ;&@Baﬁh%hﬁﬁﬁ‘egﬁﬂem 20k ad hrgesdliayellevd] ahadg tﬁweverse input

mai ntai ns all  other internal node signals SN
signay S Fort thganaxé ielast phiwelitle shifbisgistei ¢ell mdgwet banlisbrﬂ
'gi%r bank shift register 1204. Tim ng pul se 1562
re?%‘{j?rh’l i eval uation signal EVAL4 turns on

Shift register output signal SO13 in lower bank shift register 1202 turns
on the reverse input transistor in the twelfth shift register cell in lower bank shift
register 1202. Also, the reverse direction transistors are turned on by reverse
direction signal DIRR 1526. With the first evaluation transistors in lower bank
shift register 1202 turned on, the reverse input transistor in the twelfth shift
register cell turned on, and the reverse direction transistor turned on, internal
node signal SN12 in the twelfth shift register cell in lower bank shift register
1202 discharges to a low voltage level, indicated at 1600.
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eval uation transistor 1272 in direction circuit 1210.

The hi gh voltage | evel reverse direction signal D RR
wQas@6/1045:1s on control transistor 1274 and at PEI/ES1005re11723

direction signal DI RF 1528 di scharges to a | ow vol t age

| evel at 1580. Also, during t%®ning pul se 1562 each of

the logic evaluation signals LEVAL 1534 charge to a

hi gh voltage I evel at 1584 in |lower bank logic circuit

1206 TARGirsi @hguathatahsigiots th@uslrﬁft ﬂﬁ&er cBlis mbher bank
| evel shift register output sig in | ower nk

skiffi registeigl 234are petturned @@ by\t@unwudsepw% pad all msuem:eal node
1gﬂa| O4K4 é’ﬂ%llﬁ’ H g@ne&ﬁéﬁ#'shﬂll%gﬁster-r li‘ @f]al\‘]oétt ﬁvolta%e

evel "1 nput Si ransi ors

lévewerAlsankommls:grmersNNmm &d shift mgis;terpoﬂutloui sxgnals SO1-
addr ess si in addre S na S ~

S 12igdewep an Pl Shiflraiis kea@fdpws@ltf@ed@vqlsswhIc*r'ﬁem off -
tr%faltnéﬁf(esﬁ‘ {{pm frapLiicis wmeoaﬁng% gﬁmiealsﬁé?lce‘ﬁg#ﬁ lbvler @am{ shift

regi ster 1202 an I Tt regi ster out put
regisfeal 2030WHOHE revensayimput trangistons off, eagh of the dthedinternal

NG AT S
h@h@lﬂﬂfag@qg*felkogﬂm Ar%“j ;Bt%éﬂ 59@Qt$tlhﬁn@§fgn§l BTR2af50’ is not provided

address signals ~ 1536. The address
tq;b@migsglecmwres,a‘yeneratom;ZQQ amgwcbalgmagl reaing Urchanged

ng pulse 1562. In the next series of

dgﬁﬁ&?ﬁﬂﬁ#é’h&% L%gsp timng signal BT1 at 1500 incl udes
t I M Nexpuinsiag Ihfds 1592ﬁm’@’nﬂ1mghalEE'23 at 15684 providede® higher

timng pulse 1590, ti mY‘éU@ﬁl gnal BT3 at 1508 i ncl udes

bankshit regisier 12ebin firshe alongliz VAL 14g form o paefe 6f the
fnts.‘t @\/Qﬁlaﬂﬂb%%n%%gérs ih IHTEHY bHn® it F\%'&%%E 1%5&? ;E%‘%dﬁ‘?r%’f’ signal

I'mng pulse and Imng sig
ClSMNl(DdéQMrlemallgs ptid dew 1Y6R8ge TBvel andishift register 45ipat signals

SHL BB 5 S 30 54 B e
tufR Qﬁf éébr?&ﬂlhé%ﬁNéi@q Ao tréﬂk@stb%V&ﬁé Bath Bpihéﬂ%%élnﬁbﬁ

(shown in Figure 10A) in the shift register cel
transietord imkighier bank shifstegistantz04. Tﬁbe nenesasl Lictipg forward and

nal SIR of.the | tsif reai ster [ ant.r. ol
e e FeBSe s P elialrBle S N N 1 Birigher bank
sHitGehRY&T $204 ﬁﬁwdlﬁcmglngﬁb%@tvoﬁagé |§fels. hAll%hh‘?feglster
shift reglster cells is the next-in-|line shif

intergias pede signglr SHi1gnkll 3 dohigber bankiskifkiagister éfé%f@nam at

tRII'Ea | SO13 in | ower bank shift register 1202
hﬂ% gé |8 gvoltage | evel and is the reverse input

SI gnBIunSgFEirmhgtm&eneBM trotichiagt signaltBB4 Gt H|5$21,I $Hift register
out %It gltg%ralscgo 1%??2 lct?e\{\%re t(t))%wé/grhe{rfetmam a{lrsfcta at hlgl(% voltage levels
at 1602. Also, during timing pulse 1594 reverse direction signal DIRR 1526 is
maintained at a high voltage level and forward direction signal DIRF 1528
charges to a high voltage level at 1604. In addition, during timing pulse 1594
address signals ~A1, ~A2 ... ~A8 at 1536 charge to and/or are maintained at
high voltage levels at 1606 and pulls logic evaluation signals LEVAL 1534 to a
low voltage level at 1608. The low voltage level logic evaluation signals LEVAL
1534 turn off address evaluation transistors to prevent address transistors from

pulling address signals ~A1, ~A2 ... ~A8 at 1536 to low voltage levels. Lower
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Shift register output signal SOL3 in | ower bank shift

regi ster 1202 turns on the reverse input transistor in
wo b@stioEbith shift register cell in | ower bankpehi$1005/011723

regi ster 1202. Al so, the reverse direction transistors

are turned on by reverse di #Ect i on signal DI RR 1526.

Wth the first evaluation transistors in | ower bank

shift register 1202 turned on, the reverse input

bahkadbﬂrédés)ﬂh 3igddrées slggétgtnlﬂ aglidss sigrals tév1, céi2 xd uhABed 1536
on an t e revers irecti tra or turne on,
weratvalig sluringdinisg Ss&ﬁ%&u%éﬂ@c{q iéﬁt h shift

regi e{.mgfg{ ;!)UI%Q 1'5%% tﬁﬂﬁ% Fﬁ#aﬁ BTHasi 1316/ tuiddn second

di sc arge | ow vol tag i ndi cat ed at
evéﬁMpoﬁhmrfsuststs m\AaWeabanh shiftaiegisternt202 and highstibenk shift

et ST oo 3505 SULSNT TS 2 B
sh“rggépétbgﬁébﬁ a%Nigrﬁbﬂlﬁaqeﬂlebelgwd \Bign nte sl hote @igrizds SN1-

remal n at hi tage |l evels. Al so, control
SN @mamg@eme:nkszm registeni 204 abhiobrveltagadexals.<dyig timing

oumA59 ehfu/Run BB BB Q15701 T g SO3 @it pank shi
I gt ot

regietorsi 24 fiscHRS deh \@ﬂtagﬁée\eﬁlﬁ gt 167 Vi miBipe! node signal
Sﬁig réitaép\ﬁ\%@%'e]lévémﬁ Ictﬁlﬂ%{:’be}1 Eg |§’Eé"r‘k|2§)b' Ehlft register output

refain a age evel s. Tining

SighaIS®0 12 98miaing atna hg;l'qujia!@b |@Jra i fdderi @nkﬁhlﬁrrgglﬁt%d‘ 202,
to bank sel ect address generator 1200 and each signal

indigatachat iBbhanged during timng pul se 1590. Next,

timq R ttUFﬂsnéh sl al0atioiransistokS1256 ia direction
provi eﬁgtp%ﬁwew er bgnk shift register 1204 in first

cieoui 12:40. o@oetrgkanﬂ\@S‘INCd 524 is @ lrcvoltage lruektortyn off

| t t f
55 e AR O LB, R o
hléﬂoll\iog@d?e“%' I@@Gdﬁlbhf fimiregb@seri 560ttputs e gnaluation preventlon

31 n higher bank shift r ister 1204 are .at
transistae in @M@@%I\MO@R gk 1806 asAdHuber Bank logisgift 8 to

ity bEEI e QB TEVAY 150 o RNE(aRadSRels that tum of
e%l[laﬁ&? %ﬁ%h&g‘slf %r@%ﬁeﬂ glr,l’g)m smaﬂsnﬁ@t 1 532aaﬁhélrstdwmg timing
e b A dBEL B SO e i
r@%‘c@&i&gﬂs@ﬁ% t&ta A8l \io(itﬁﬁe'lé\ie@ bRdlallntHer shignagister output

Ift register 1204 renain
signgls 80I1t$@é1|w1de$@13[inqu hank shijft pegister 1292 and all St

régllsr,rcle?%u g%naﬁﬂéoalt Sb5l13> i h?éh rtban%géhﬁ ?églster 1204 settle to low
voltage levels.

Timing pulse 1598 in timing signal BT6 at 1520 is provided to lower bank
shift register 1202 and higher bank shift register 1204 in first pre-charge signals
PRE1, to direction circuit 1210 in fourth evaluation signal EVAL4 and to logic
evaluation pre-charge transistors in lower bank logic circuit 1206 and higher
bank logic circuit 1208. During the timing pulse 1598 in first pre-charge signal
PRE1, internal node signal SN12 in lower bank shift register 1202 charges to a
high voltage level at 1618 and maintains all other internal node signals SN 1530
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out put signals SO 1532 charge to and/or are nmaintai ned
at high voltage levels at 1602. Also, during timng
w@osao594 reverse direction signal D RR 1526P¢HUS2005/011723
mai ntai ned at a high voltage |evel and forward
direction signal DI RF 1528 ?::H)arges to a high voltage
| evel at 1604. In addition, during timng pulse 1594
address signals ~Al1 , ~A2 ... ~A8 at 1536 charge to
at ﬁ@H Wit ajelle Ul i fovaerdbatk d§h|ﬂ meg.eterag;@z andelh |ghat bawloghift

I 1s | | uat EVAL |
regisier 3964 dUBING pUIEBOR OErindo Ay elgE L F gt @

evéﬁtlﬁﬂtﬂa‘?{él baqsts lW&flo%%%uﬁMrzﬁ OOfThé‘ﬁi@hWage level

I‘anSIStOI‘S to prevent address transistors
referemdingction gigadd D4RR £52fhtaires sptoptrepransistor A 74tangs36

PR EE R BLEPS Je Bgri s e
UGN IS8 ettty gt e

chacgeastodmgbg@ﬁageée»almt1@210trrlgn§r§ﬁakéoglﬁ cireuit 1288 aad
e B et S Bl ol Pl 688 0
in IWeT bé’rﬂ@gmﬁhé@ktdrelgmﬂlsrredéi@é?d ab nirpLgImgn:dItﬂdg% in temﬂrsbank
and with internal, node signals SNL- SN
(ogiaricouit 1205 ddrechiah Vekaae Svat g siareh gt 4 Biygs N dadress
trapdid t@%luhug‘wapb%gfq,&éf&@w@ is&h/%‘hﬁbulpl&/@él&dl%sg ifals in

register
acmds§l§ightal§ﬁ@1 StAR . ouyBuat 3t mommsme bank kidgress 12 at

bank_shift r ster 1204 |sch
1658 aThe aihereht raaatar piPul Ranahge TS gn D and5Tdin Jower
bérﬁ%"%lﬁf?'ré gterl1evelaridall QMWre?i%fé? Gitblittsigedls SET- S@ﬂ?m higher
I ster output si SO1l2 renmains at a hi
bari $rafj eefistes| 1204 arewéﬂomnltagwemela gt giraroffiadgress tranSlstorS

d 161 I
indgp{ Brtoiodts GRATIZ0E B8 s HehR 1048 ol 1308 1§90y,
dn%r@@'aoﬂr@é@élg@a\émw?ﬁ@ .S ~AB 5300Vl e btidgss| sigredls A1,
turnoff control transistor 1268 and reverseégé ectl on

~A2 gnalADRRIS 3 settle deryplid valueg diirigg traing

dd
or ey o gt 1oyt rig BRIk infih ?éé?’éa%T?c'BJP ot o
hl?ﬂ%lt@@d ldved BRIft fegisted ogbat signalB012208he prmdmgaslmft register
calbindpuer Ratk sLin Teai o 202 1@ PN 2 hahs Rgs ey dihit register
outﬁﬁ’c §|tg%b§®t19% lc?\hﬁr;?érﬁ( sittte |§te‘-‘relt2’()|29aﬁ1:wok¢\f& Wainkidtiiress 11

such t one shift regi ster output signal
mSQlk&essl signats ~Am,n+<A2h| ~AS algl 536 Shiftiw ewitinues with gach

senegshofv sci>|< %ﬁng pu?ées untl?legé:l% SRkt r%gts?@rj (;Jtp{llegbﬁéleéoq WAYS in
lower bank shift register 1202 has been high once. The series stops after shift
register output signal SO1 in lower bank shift register 1202 has been high and
lower bank address 1 has been provided in address signals ~A1, ~A2 ... ~A8 at
1536. To begin the next series, lower bank shift register 1202 or higher bank
shift register 1204 can be initiated to provide lower bank addresses 1-13 or
higher bank address 14-28, respectively, in either the forward or reverse
direction. In this example operation, as lower bank address 1 is provided at
1624 in address signals ~A1, ~A2 ... ~A8 at 1536, higher bank shift register
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signals SOL-SOL 1 and SO13 in | ower bank shift

register 1202 and all shift register output signals
woEOhsSBUSs i n hi gher bank shift register 1204 sPCT/US2009011723

| ow voltage levels. Timng pulse 1598 in timng signha

BT6 at 1520 is provided to |®ler bank shift register

1202 and hi gher bank shift register 1204 in first

pre-charge signals PREL, to direction circuit 1210 in

120411id initeatad tabrevids highel beNRIaddesdekol4-pFirc thrvi@veadd on
pre-charge transistors in |ower bank logic circuit

dyeeirhnd hi gher bank logic circuit 1208. During the

t

|t en AU sk thidg pYlscd fnfRigfat B8 150 nclydes
tlm@pu!sertﬁﬂﬁ timing Bigyal BoRtetgé0hdnellidas tlﬂrﬁﬂ@ palse 1628, timing
sGnghB ] st d50e Buties TG AuisenBiD. ShTed sise] Bid 502
ity Eply Hask 1@@2fﬁmr®gsé§ﬁ%1ﬁ@%15% AR irRglRASe

in fourth eval uation si turns on eval uat| on
1634 msiddinaingistgnialiBT Gat €240 imelusiesdiming rdse 163@ hi gh

on conebiGieiE 635 1S Bheadh A BE T P g earisters in
thebfiftiregidtercdeils Ge tbwer RarkasMity eddieee 1202 ehndtevihdd direction
Al'so, during timng pul se 1598 each, of t he | ogi c

sighal RERRYPZ) tyrag an EEW\@f ssievere disectian ﬂﬁa@enst@fﬁ indgwer
ok Shit RO ah YR AR e 1264 0

CISQ@IGt16t24ostab atlovsn \gjitagef’u‘%m to turh(DJRfeeacttaokthelh‘ef/erse input

i ster 120 S recelved. as | nal A in,
rGNeioB e Gyteerih SBU eotoceRn RvEhoau Pafepisten 1202
a @ﬁagjqé'mlsrﬁ#?e@%ng@ %%H%%%Fég%’cé 6P§Ju%si ALBeP.-

ogi C clrcul 1206 to act'i vel dr ess
SQ 1@n|al Iewen baukisbiftsregisyeral 202-ae at lewzvqltage%b,twmsh gurn off

R Pt BATSaRpas o1 G ShEpiEistar Sl 5 G anit fqpister cells
4524030 R foeér HanK SHft sé§istetA0B2anitRltthe RdVcrée it SafSistors
out put signals SOL-SOL3 in higher bank shift register

turped offy eagl of 8¢ internakrodecsignalst $ i -SNithirvlowes bank séift
- ansi 1206
AL 2h2 Ry rfe Blartieor 3, dh Hiitdons 3L Svatuation

tradsis&ﬁs |r$ﬂw1§+nﬁ reg\l%tercéﬂs in high&Bbahid hiftiiegisteidt ZIBSare not
at. 1536 settle to valid

twa%@@ %fﬂmmg wlﬁe ﬁé%@@ealh@tﬂnahmd%@gﬂa@e‘ﬁNé—§hﬁ3 in
h@lhéﬂb %ﬂlfPH% s ‘If?fi s a°t' llélté’% reﬁ'grlfé.gﬁgﬁ '%‘%EQ'%% 1628

tage regi ster out
inttimhig&mgnalc@ﬂz aH 1504 ig nmtepyoslded to dankiselda weldrdssdenerator

12&] f]a%ldp@&lhiqtlgl{ld]I%Io‘nzf:llril:sour?éh%\{‘llg%% daurmgg"tllnm1\1/1%1I Suaf e 1&355?'

Next, timing pulse 1630 in timing signal BT3 at 1508 is provided to higher
bank shift register 1204 in first evaluation signal EVAL1 to turn on each of the
first evaluation transistors in higher bank shift register 1204. A control pulse at
1638 in control signal CSYNC 1524 turns on each of the reverse input
transistors in the thirteenth shift register cells in lower bank shift register 1202
and higher bank shift register 1204. Also, the reverse direction transistors are
turned on by reverse direction signal DIRR 1526. With the first evaluation

transistors in higher bank shift register 1204 turned on, the reverse input
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output signal SOL 1 in |ower bank shift register 1202
and | ower bank address 11 in address signals ~Al , ~A2
WO 200548858t 1536. Shifting continues with eachPGPUS®85/011723
of six timng pul ses until e%%h shift regi ster output
signal SOL-SOL3 in | ower bankK“shift register 1202 has
been high once. The series stops after shift register
out put signal SOL in | ower bank shift register 1202
traasistrein thegthideshth ehift rduister eeldr tessed ohaand denreverse
res

olfs it fRnsiRis™hauied o HU8rmas aarte biatil S 14 nBg tirgenth shi
relepékér eell i Bigeer Bank shf feist&d] ﬁ@gigt}ﬁ@@e%% aqgwo¥oltage level,

initiated to provide | ower bank a es 1-1
insiieeted abdAk0addr ess 14-26, respectively, in either the

f ' Lon..ln, this. . .
oper A1EdREt SBTARE BaRb Lo R e B [ TRICiR 1ower bank shif
ragisted d2e2 ars ingbfraed Ah, by-#Ring pulsé\8680 ahal intirBARfode

bank shift register1204 is initiated to provide higher
sigaale SUAraNIad lowesbank shirewister da0aremain srhighryoltnge

38l “Ris8) siittebislrliufth 3Gl SO S S HBheHdnRinig, register

1200 4re atllcm\desltagmfenglspw:hm ?ﬁgaﬁ thé nevegse iilﬂﬂﬂltra@?%t@fs in all
508, i_.ncl udes t.,m ul se , timng_sigha at

off? shif BelRiecot i io RN Bk b regiblor 1904 g theres arse

. . : n .

S, 4 SRy LTS B NS i

bame shiftuegistern! 24crenadintat digh valtagevevelat i on transi stors

g OFERG e SRS TBo2 T bind sRED R TEE o 2 ek ssgister
olitpunsigRalsL8OM 882 tihwgeay wgaﬁvcsﬂarg%qbb@@hdt @Al E&lgdrs],isc%l{rmg

| ower bank shift register 1202 and hi gher bank
timig Rylse 1638 1eversatdicaction gignal BHRRA 52Dis maintainad labw high

| . o
vfideBol Plorhrd U8Rl siGREIRF, 1558 ERdRIe %o Ridh vottage
lelehatr1 emmklnsdtidili?n,emrm%_etﬁima%l@tmm g?ar%s@aqrgnalél i, ~A2
- SoR5 B3bab herunds ShUR ah AN gL aNan 205a8 Vels AGP46
af(c?%@@vélﬁéﬁéﬁ SQWEH%{DEVALW 53ffis ?ﬂﬁe«fi % fow G?I:t:g&‘fgvgls at 1648.

Istors In er shift register ce
Thdidw volgis teyel ogid evaloationmeighalsi LEVAWE 534 dnin sffiatitiress

oFHT3edte ) AR T s
sigfalsauer, rank  shigf 153600 15alolthg8Fcveigmi n at a high

voltage level. In addition, the first evaluation
t r anEhe tiglirg pHiserS3hinitiming gignad BTEeat 5 i6ntunng bersebantt

evilliddor ﬁgrilﬁgt%rrs ?r?l%f}ve?rb%n[g%hiﬁ register 1202 and higher bank shift

register 1204. With internal node signals SN1-SN12 in higher bank shift register
1204 at high voltage levels and with internal node signals SN1-SN13 in lower
bank shift register 1202 at high voltage levels, timing pulse 1634 discharges
shift register output signals SO1-SO12 in higher bank shift register 1204 and
shift register output signals SO1-S013 in lower bank shift reéister 1202 to low
voltage levels at 1650. With internal node signal SN13 at a low voltage level in
higher bank shift register 1204, shift register output signal SO13 in higher bank
shift register 1204 remains at a high voltage level, indicated at 1652.
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turned on by timng pulse 1552 and all internal node
signals SN1-SN13 in higher bank shift register 1204

WO eovailos488 hi gh vol tage | evels. Timng pul se 1PCBUSIW05/011723
timng signal BT2 at 1504 is not provided to bank
sel ect address generat or 120%3and each signal renains
unchanged during timng pulse 1628. Next, timng pulse
1630 in timng signal BT3 at 1508 is provided to

hi g hé‘i“mingrﬁulw 1684 b fshes o%%@féIUaﬁoﬁ;’w&(m{@M&’l lew ltrpdirectlon
EVAL1 to turn eacnh of the tirst evaluation
CW%?%Q of@ntral wgg%@gﬁm 1384 3 at a fpws veltage tevel 19 turn off

c&ﬁ’t%lrt@ns%fbls?zéf% aﬂrﬁ?‘évérge%q}r&ﬂ&]\ S n%PB'IRQﬁt b Sﬁla?\ﬁrﬁpﬁ ata

turns on each the reverse |npu trans
highi valtagetlévedhilh tadd ﬁi@nstiming: pllse 1634l tames orb emaluahbrﬁ prevention

trafbors f (o 420k g B ationt 1206 et WiphSChaIClol Ainity1208 to
mntaRVIBg RS\ IlRIH S8n&ksLEVAIDH BB L v vm%b fhved ﬂh%ﬂum off

eval uatron transistors in higher bank sh regi ster
evaloation trassistars. ﬁh@‘t Fegjgtes euipib sianadnSOs1 333 setbletduging timing

PbcleB2" bHp TRl oAb BT ol S 55 Ahiahe rmptesi

reyugeahz@matﬂee tb taemghlvbltag@uéve‘; Bh#tallrRBe s réguls{erldmput
gher bank shift gl ster. 1204 discharges to l o

S'QB@FG@@“%Q%? in hl%‘ieé L] SBtft regisder 124 and il s@wfbretmstebnutput
SBIBSO1S50 b K iR AT 1208 3yl Bl iBiels
1630degaidlsa 628 rrallmrrrgjaagaalgifﬁﬂs at $6I2.G &\ﬂllfbvidfed fovewer bank
t age
s epdleridacs St hisher Bt B waiskn A indist rcrsrae signals
PRE1h'tc93F?écthﬁﬂ&rciW ( 21 d ﬁ\%ﬁhﬁ 'evaitidioft s?%rf’gl EVAAL A Shdl 39 fogic

eve S, which turn off the reverse 1 nput transistors
evajuation prerehargritfansisigissindoweebank lqglmcngctwir 1206 &nd higher

1 O W h j f ot tors off
o leBlT ik fa gty T il PURGSE 4 Bitks o Eretiotad st PRET
cHergbeintatH nsbkfsigri SN1Ein Highdr lﬁéﬁ%éﬁ]ft&égl@’té}hlm tbaegﬁlgh
| evel s. Dur|6§|%at|mn pulse 1632 in timng s
i

valiagegeyelat|1 rd &g gtnéralbcethgumt@ngha@@e s@na S_N 1530 at
higﬁﬁoﬁgg% E’?\;Sgéégqblég}e'f%%ﬁk HHEL |§{ F Jr%faaﬁ"ﬁf@ﬁ %% e

everse di I on si

reigisteni 204 'rﬁenlmgtptﬂséﬂﬂ@m \erduamee\}adimlonasi néICEMALIﬂ turns on
directi on si DI RF. 1528 chartges tfo_a h vol t age

Syalygiforyirangjater q?ﬁé@iﬁ'ﬂ??‘b‘?ﬂ Cigehi heQ-i H‘%@ valtagegeve!
AT IR, 1978 s of ol BReR0 iy
diegafionaigral MRFUEI2Dis dischraaped tdaAbw VoRdge devallat 4856 0 Timing
lellgé':V %%ta?sgoecrhaer\é%lsséaach ojf?rdfg logic evaluation signals LEVAL 1534 to
high voltage levels at 1660 in lower bank logic circuit 1206 and higher bank
logic circuit 1208. The high level shift register output signal SO13 in higher
bank shift register 1204 is received as input signal Al26 in higher bank logic
circuit 1208. The high voltage level input signal Al26 turns on address
transistors in higher bank logic circuit 1208 to actively pull low address signals in
address signals ~A1, ~A2 ... ~A8 at 1536 to provide higher bank address 26 at
1662. The other shift register output signals SO1-SO12 in higher bank shift
register 1204 and all shift register output signals SO1-S0O13 in lower bank shift
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The | ow vol tage | evel |ogic evaluation signals LEVAL
1534 turn off address evaluation transistors to
Wee@saoidsaddress transistors from pulling addrE6EUS2005/011723
signals ~A1 , ~A2 ... ~A8 1536 to |ow voltage |evels.
The tim ng pulse 1634 in tan%g signal BT5 at 1516
turns on second evaluation transistors in |ower bank
shift register 1202 and hi gher bank shift register
rekfistér 102 fare rat emmabltagﬁi evelsgthat turbNSiF shdrdss trahsigtoes in lower

oaik lodebbyb a8 et et Snsle ol Saie s sieharoe
aéBr‘efs*s é*%@é@t% 1202 aLAﬁ a?%?:@' tmeado%gé §|{gnta|snl/539, ~A2 ...
I'gnal’s

pul se 34 di scharges s t register ou
~881atIOLS $ettI¢|rtagM@Ird Yalves dhring tindgg putse 1163134 and shift
nal s Ol

t
Fegi I e 3R K mingiires dirdng Sihas T Mgt 00 includes
tlml’ﬁ{bﬂ@b T8BE tifriing 8lgnaNBF2adt 1804aMEIMakS aafind ?M%b 1656, fiming
er bank shift reglster 1204, shift register output
|

SIgnghaT3§®ﬂ§OBnnﬁugﬁ% Mg RUSE 1668; dglirg signabBA4raértailas

Ryl B1Aa 987 g At P 1d R s

1 @I‘r'z eatiitimingisignl BTB24101 5200intiudles 2ingiRglpulseYNST 4524 i s
to turn off control transistor

at a_| ow voltage | evel
1268TRAMIBgSe 1G4 RITS ANSAAT top Rret eyaBiationdransisiers in
th% $Hifl tPe%@.{etr%éﬁs irf\ler Hamkag Fégﬁé‘ter tﬂzg? e, egéflluﬁfe égt,snd'of the

turns on evaluation preventiontransistors in
revense Inpyit sigrialsc8IR (shzod mrkighregh@h) biathie dhify reyistier calls in

B Bt Ak BLihe 189 RGB! S5 o the st i
rgiBEESN R Sont@Nisfgnal @@W@n 59Ut Pttchsis 3Rl |§w§9|té§§4?ve| The

Settle during timng pul se 1634, such that one
revegies ingput signgLBIR ayaach stiie ¢ﬂ18hsglﬁe’egl$mﬂcaﬂbn$ bne of the

Gt SRl blfbty sl 595400 5cihicscd 41N Birare
Iebél&k Whthfdontrepsighar CSINE ap24 ahtl shift féglét@gbﬁfp@ﬁt S%Wal%USOL
nal s SOL-SOL3 in | ower bank shift regl ster

SQdtindowsr bank soiftragistarciZdisat lcrwmoﬁggp Up\sls, itb%evefse input
i e LGB 533 i ol 205 B 1t it
m@ﬁél nodd sngﬂalsrﬁlmesm:]@m br@n{mlwk%ﬁﬁﬂreqlétg(/ﬂﬁgzeémam at high
ourt ev u | ON_. Sl gha and
V‘ﬁ{?@ege?é%'ﬁl bg”ﬁ f?rﬁ %\?J%U%‘mn @@ngﬁf&% irsthBrshift regisige celimchigher
bémasmﬂ%g@tértmba%eaﬂﬁ +i¥n@A%n ﬂhmll uréeq'a"a%rfd Hng%é?

The timnhg pul se |nf|rs rge signal's
nadeagigosis DN +SN13 mobugher bank Sﬁllﬂ]reglsmerm 2{Herentsin lat HigH t

ks R et B RS soh e r2ier 48018361 arovided
to bank select address generator 1200 and each signal remains unchanged
during timing pulse 1666.

Next, timing pulse 1668 in timing signal BT3 at 1508 is provided to higher
bank shift register 1204 in first evaluation signal EVAL1 to turn on each of the
first evaluation transistors in higher bank shift register 1204 to evaluate each of
the reverse input signals SIR (shown in Figure 10A) at the shift register cells in
higher bank shift register 1204. The reverse input signal SIR of the last shift
register cell is control signal CSYNC 1524, which is at a low voltage level. The



10

15

20

25

30

hi gh voltage levels in | ower bank shift register 1202

and hi gher bank shift register 1204. Tim ng pul se 1636
WO 0000454 eval uati on signal EVAL4 turns on evBCT/E520051011723

transi stor 1272 in direction circuit 1210. The high

vol tage | evel reverse di rect18n si gnal DI RR 1526 turns

on control transistor 1274 and direction signal D RF

1528 is discharged to a | ow voltage | evel at 1656.
réhiense (N Isigmal G3R adlemeh o thigg othee ablft igidtbecélisgs the next-in-line

BRI 012 i Faose i e
highgk bhﬁﬁ'sﬁnf@fe"g‘ié’tbli 12@@% a J]ﬁldgl \H:Et ?@W?J/elsdﬂdf i tﬁ@%@%ﬁé input

out I’:)Ut Sl gu;a regi ster
sigeat SR ol a@xt.tmbaﬁt atmfgmlstar Q@II wrhnghghbanlbalmﬁt regigter 1204.

¢ ur nonlreeiRlpE S0 SBL BOHEYR nigheipariiati edlgie: 1263 Tums
ofi thé& m\teré.éthﬂoathtgra?_@tStdﬁhyth@tnbkt ioquta@iﬂﬁeé |s'te‘éor9;%gg@ Ihi er bank

address s H%n
shiftyrgisteya AadrﬁlsgsBwezr@vsfsel@esa:tlomﬁearmsiers anei tirned on by

RS hELol] ShabbRR'BaBOWIETHR ik B BhBHoR BRI L in

regi ster d all
higoér Bank shift ftegister in(M( twhed onethesteverse?idputrangibtor @the next

vol rn of f address transistors in
tq Bk MR r el mad . apshisedRueReQHiEctsn fansgitumed on,
m?érh‘éPhédéggﬁai SN“IQtanhﬁglEi‘%fg)r Aaddslr tﬁ%‘ffﬂfhﬁlﬁﬂkﬁlst%ll in higher

address signals
bamgshift regBterst2q4 discbangakitd alavuadtaderievey, inldmaﬁ@i auﬂ6'66

Lo S B TSRB S i B s

I [
asetafrgre ol E?P&’S‘Eﬁ'”?."rﬂ'%’gfﬁ*?2"%@@“@?%&

sighglsatN BN E3 inLlpyeribsok shiftradisten remaineathigh ivoltage levels

I 5 672 \
At G AR s8R e HE 24 a8 s FIR Rt Bl wgmars
SDHeSOMaiinhighardmmnkadft register 00048 aed aofov U@Itégé Rlels, which
eval yation transistors_in the shift register cells in

Ul T FRVEIRE P ytdgnsistersin dze ptheswhifl eagisteneslison higher
béérﬂ?’ %’ilﬁeregféféﬁﬁélg r\fl/ltﬁ 176 Btie18 ﬁ;bqnﬁ l?trér?slsltgg %ﬁteééﬁeof the

I'ster cel i n I ower reqgl
othéf)ﬂxter‘ﬁadanodesrgamls Sbut-SBlrlgrwid SNR3 0rf higher bank shlfi fdgister
1%&9 ster Q&j’; i s, . con CSYNC 1524, which is

lemaiR ardNigh yeltags, Vesﬁite verse input signal SIR

he T RAREIGHOR YR R0 B 150} LhaladiR i marains
shitbre@ctes oummtcﬂgmle SA 163ty bighavpdtaigeVeveals atvi6B0. Also, timing
p@%hé‘?b ré%%?ams erse ?r%g'tloanmsjigﬁgl' ISfRIieI%b%t %r r?ua ‘tage level
and charges forward direction signal DIRF 1528 to a high voltage level at 1682.
In addition, timing pulse 1670 charges and/or maintains address signals ~A1,
~A2 ... ~A8 at 1536 to high voltage levels at 1684 and pulls logic evaluation
signals LEVAL 1534 to low voltage levels at 1686. The low voltage level logic
evaluation signals LEVAL 1534 turn off address evaluation transistors to
prevent address transistors from pulling address signals ~A1, ~A2 ... ~A8 1536

to low voltage levels. Higher bank address 26 address signals in address
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SO 13 in lower bank shift register 1202 at | ow vol tage

| evel s, the reverse input transistors in | ower bank
W@ biostiosey)i ster 1202 are turned of f and each oOPCT/H82005/011723

internal node signals SNI1- SN13 in | ower bank shift

regi ster 1202 remain at high 1200l tage levels. The first

evaluation transistors in the shift register cells in

hi gher bank shift register 1204 are not turned on by
signalsgApLt-AR . 1688 4536 werevalid dondg tisiigg pliseSNB6ANY866 and
166 hi gher bank shift register 1204 remain at high

P+ age levels. Timng pulse 1666 in timng signal BT2

at 1594 tinsin gigléﬁ W@'ﬁ\dtlhﬁ]&’ﬁphaﬁ@fﬁﬁi 1594 "tl?r‘f’l% on second

generator 1 each st gnal remnmal ns unch ang
evaitatign tranBistprp un fwerdssk Nuﬁreglsiem1r292|cancblmgh1666amklshlft

reditef 778 Wty e e Rk SR 68 e SIS ebiuvortage

letvelst mrm%m Ieisisift régietsri 1204 iR interhdl haasisidridls SNY-
her bank shift register 1204 to eval uate each of

SNH atdygh yeltagmp lavels Igdawgr bark sBiftoRgister 1203 tisning mulse 1672

o i Bl S8t e, S

slnlﬁgeg}smr 1264 am¢sl|c1|ﬁneglsltengpaﬂ s@%b@dﬁ%ﬁﬁw\h} I@Jbvdr%ank shift
at a t age ev ereverse | nput signa

it 6202 IR Ao By is alcl GRS ibiimle ey o signal SN2 i

higsF bl b'aHR Shifregiitét 1300564 Fbw 98&?&8 gj’%g %ﬂ'ifhégsetrépéﬁwt signal

he shift register output si
SeMi2f remaigs at amigipoaltags m/ehmmlgjher\/aﬂrtlmjeﬁ reyister 204 s
nt hetrcff fﬁég |nput signal SIR of the next to last shift
'PEC@ 8 9 i n higher bank shift register 1204.

Shi f Tintiag| FL‘]@! 1672 Biso taieGh ePSILAtioN tBhSREST 2HBkinitdction

regi ster 204 turns on the reverse input transistor In

C'fCWét Q. Eeniraksigrdi GSYNE1824is atad low voltdgghlevebtartiarn off
ol e FBh Ehog i S i Bt UBRPIRY: 0B Bl pharoec

told RighlvolageWévél. tihadtitiont ’[Im\(@d pakeoIs7Rrtans élﬁ evaluafion
her bank shift register 1204 turned on, the reverse

PfeH%Ut'Off frgngistargin lqwqrrﬁ@r}késeﬂ'%%rcuﬁsﬂt%@mrfd higbgr bark logic
S 208 e W A Sl AL BB oo
leValstthattumvefffet\fallﬂhlohttrartsgstetserSkuﬁI registerfougbet sigpaals SO 1532

sqifla b adnans byl et S0R tHSEne St sior ap e gna S0 12
mt1 St drik érﬁﬂ'réglﬁerelQbhssétﬂbd @%hldﬁ%ta?%é%\'}elra?ﬂ ?<1f &ther

202 are not turned by timng pul se
shifit regiater ovéels sgr@i&ﬁ@‘ﬁ&@ﬂl\aucssm 3 uomgheratmmsd:huﬁtregmer

104851 PR AT ot RSO S ol HS o it
1202 gettle 36 Wahsltage levels.

Timing pulse 1674 in timing signal BT6 at 1520 is provided to lower bank
shift register 1202 and higher bank shift register 1204 in first pre-charge signals
PREA1, to direction circuit 1210 in fourth evaluation signal EVAL4 and to logic
evaluation pre-charge transistors in lower bank logic circuit 1206 and higher
bank logic circuit 1208. The timing pulse 1674 in first pre-charge signals PRE1
charges internal node signal SN12 in higher bank shift register 1204 to a high
voltage level at 1696 and maintains all other internal node signals SN 1530 at
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SOL- SOL2 in higher bank shift register 1204 are at |ow
vol tage levels, which turns off the reverse i nput

WO e@sdo=tdrs in the other shift register cell sP€TUS2005/011723
hi gher bank shift register 1%94. Wth the other
reverse input transistors off, each of the other
internal node signals SN1-SN1 1 and SN13 i n higher
bank shift register 1204 remain at high voltage |evels -

. high voitage Iqvels iy lawer hankestift registenil 862 singridgh&THare shift

3 Lptaikns, shift register_o ut

e 2043 Ml hule TBrA VBTt Yl af P oS WAL Rityens on
evaluation frahsietct627 2rinidiveation clreliens¢o d frh@%éwvogé@@v |

DIRR 1526 at a high voltage | evel and charges fo vvarg
reyErREirestics gjgaal %l%@@@gurmé QD eonfrolkansisher 12%4andt

it j [l 70 charges .andlLar. . .
ciHon AT, 2828 |< AL PGB S8 10 iaBE gy B 1584 (ming
puibgH 674 alsqeharges|eachtof 168 dogin dvaluation kRiials ERTRYASM o

i Yeaie ST ab 55T bbjoud baldedie srsiibans snemahassenk
logier dirceiit§1 2dd r pgs h@%%b@@h@ﬁg{iﬁ%ﬁ gg% gisq‘n%l g@égmﬂmhgr

address transistors from pu S|
banjpshift regiser 11204 is cecaived ab iy signat 825 i bigaer bank logic

ciftdR" 275 S Rl TaRR IR Son S AIES pinacn adsbass
trafefictornic HiGhS: bé’ﬁl@lo@id’&iftﬂnitﬂﬂdﬁeto]ﬁ@ewdli Sdidss is%'ﬁ%'}]s toa

BT5 at 1516 turns on _second eval uatio ransi stors |
lowyipliags davel impddrassfignals ~Ad02A2nd. 1AG It 5Ba @ndsiblide

; i i Ioat .Sl I N1-SN 1

GRS R adRs 2 o b RE S e Bero g ieRmsO1-

S@tYiestle3012 0 higher biahk shift eigister N20eaRl AN D¥steSHBut
I's in | ower bank shift register

sidhats S-S Blust Basls shirtienleiontaonar atloyheiiags lovels

th ; . . i ' nk .shift
By b s St istel e imtodel Atk log 6 b Fap8 ARG Hidhér bank
logiotiredit 3208 tb owédisbhaigesinidress sigjnalerA1 20821t 0 4ABt 15386,

0, l.evel s 1688. Wih jnternal node signal SN12
Thl\énécﬁﬁﬁ%g% P 'g(?gllﬁ("’g{’ﬁ ?’gg regi Kz{ at J' Qéﬁ)ﬁe’g? tq VﬁB@v@&'ﬁﬁé@@'"Q
timigy @lulsesT674. regi ster output signal SOL2 renmains at a

hi gh_vol tage | evel in higher bank shift register 1204,

i ndilhs wt&priggg@sixﬁimﬁngg}%ﬂ&s@_ tiding sagrsals BIMABTOBhifts the
Y RO el RS GLBIR 0SSP o Btk s rister
celi im highef bankishifd reglsiersi 200fo SRR AigHVAIRR I1&I8Hifk Plyister
ouﬁc;Lﬂ ré%na?ls 111 %Zrﬁgﬁgrngér?kssﬁipﬁregiiger 1204 and higher bank address
24 in address signals ~A1, ~A2 ... ~A8 at 1536. Shifting continues with each
series of six timing pulses until each shift register output signal SO1-S013 in
higher bank shift register 1204 has been high once. The series stops after shift
register output signal SO1 in higher bank shift register 1204 has been high and
higher bank address 14 has been provided in address signals ~A1, ~A2 ... ~A8
at 1536. To begin the next series of addresses, lower bank shift register 1202
or higher bank shift register 1204 can be initiated to provide lower bank
addresses 1-13 or higher bank address 14-26, respéctively, in either the forward

or reverse direction.
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to a high voltage level. In addition, timng pul se
1672 turns on eval uation prevention transistors in

wo owsnodashk | ogic circuit 1206 and hi gher bankp¢tDysm05/011723

circuit 1208 to maintain | ogjg evaluation signals

LEVAL 1534 at |low voltage |levels that turn off

eval uation transistors. Shift register output signals

SO 1532 settle during timng pulse 1672, such that one

shi f in rexgirse directinpaperstign af IcS@ﬂoarrk shifiregistearii202harfd
124settlestqah| | evel and al |l

ol RO et Bk RobtsR3sh 130, L Pinidlacddevelstniral AtonaHeYNG
1524 I wdéwglkbﬁahfényr&ﬁméa@m v&.?r@é tﬁ‘ﬁ‘iﬂg%dlséfh‘ tfrﬁ.lqg signal BT5

er out put si gna S - in | owner

af égi @t@setltbezdlse@tﬂpn @ftsblftlm@vtq/tbuet r@g@rseednmcgnonTuArlsmga control

oPHE3F A bl SIS BN dob B BHS o

tidreg pUEe il 2iffing lSlg‘rlaI BT 1patet500atogstar iog iritigteMGvér bahl@ shift
ir.c 1210 in fourth evaluyation sig

di t
ragipien 1 'aﬁa %‘tmg, ginigkyaltags ﬁwsﬁabﬂwéo%t@esmﬁaﬂ@sarMput
S.gﬂag%hl%%gg t#%? circuit 1206 and hi gher bank | ogic

Ircuit he timing pulse 1674 in first
pr e- trheevgese digection thoh@f bigher ek ishift regfistes i g0k bnd

b 204 h )
pipfding Bighsd Ak RHeseas 25184 T oltags leyehepriroh signal
C@;ﬁ@c 91I5@&ﬁ!s§>r&hbé«§§gb§ﬂaht|ally a&h&.aaﬁt WRN G tﬁmnptmg@ In timing

hift register 1202 and hi gher bank \
sigagl B8 ratilioﬁ toBettheydipedtion afehdfting té the rdvessantiiiedticoon Also,

a o lIB] pelt sbHirB SR TG 44 PR R st il oo
ceihtigeht aiths Gmig PUIBRIA S2fng su'gﬁm B3 eRn608lto stAD6F Fithite
1274 and direction sugnal DI RF 1528 is discharged to a

highgr bank shit 1egisder 4204 siffingra mghbvqitag@esngthmugb the shift
e%’é%%g?atpﬁﬁg[é 9,,f| #86 & ng?gfg.t uation signals LEVAL

ta e eve 1697 in | ower bank
| ogi Eon:]mll:ﬂgnlaﬂtzﬁmedOMr@bejpeba?trdn d)f()@’ietoﬁ?fowbﬂdﬂe?é@&
The hi evel  shift regist ut signal SQL2 in
ORRGIRER S A APTIHNER Pl Lagh Of b AddIers geligiiorads Faptiplied by
[
C&*fm*yﬁiﬁﬁé@'eg@?ﬁgﬁ?%%ﬁ%‘f%@23 etk CoinGint with
timmgnllsesirstiminchsighals tbaeltthe)gnrectmrr@fmperaMand lnltlate
ctlvel pul dr.ess n
o=ty Yo BreieyRBRdERs Wi et oBngHfort TR yalt Hadress
siphansi dfingy €k @ihlﬁ@?bls%@% %ﬁ@séiéctaélgﬁéig%at-@b?r gBﬁH to six fire
shift register output signals SOL-
Slﬁn@h‘e rOlbgﬁrddmﬁngeneégﬁogp&Vld@@walahad@elss §lgrfals degmgtmree of

m%h@Hg Ipylsg-‘{%a%ﬁd ﬁlg?tﬁg}gd{ifésg%s\% ré’cgpbro‘cﬂmés va(ll%gadc’&rSss signals

ow vortage Ievel
during the other three of six timing pulses. In one embodiment, each of the two

address generators is similar to address generator 400 of Figure 9. In another
embodiment, each of the two address generators is similar to bank select
address generator 1200 of Figure 15. '

The timing of control pulses in control signal CSYNC to control address
generator 400 of Figure 9 is different than the timing of control pulses in control
signal CSYNC to control bank select address generator 1200 of Figure 15.
Timing pulses in timing signal T3 (shown in Fig. 9) and timing signal BT4
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that turn off address transistors in |ower bank | ogic
circuit 1206 and hi gher bank logic circuit 1208 to not

waoelk@shessge address signals ~Al , ~A2 ... ~A8 aPCWBESHBIN5/011723

The address signals ~A1 , ~A2 ... ~A8 at 1536 settle
to valid values during timn 9puI se 1674. The next
series of six timng pulses in timng signals BT1-BT6
shifts the high voltage |level shift register output
(shiogwmain @125} pre- d:fmrgedhediengnd; bidge ofdbe shift retgasitér cells in

aQuE eerelver oRiar Tl Siect B i Bereri Taal. Sosnectively.
Phé-8h8rg nbggfﬂé §&ddrid stagk T e éﬁiﬂ A?ber@e%%ha%the shift

address 24 in address signals ~

rebsier ostiiut signglc ok forhigh vwltags levels ardipntentiallyj destroys valid,

o G S R SR eS8 Sy Btk il

shiftgbgistareoutdiiesigrals S0 2o pealtbitert tosHlibtvaless sh&address
_outPut signal SOL in hlgher bank shift register 1204
sigpa S@@@%’%@%ﬁ‘a validaderass signaisir dbe shift rrgistaeentput signals

?y S éifa‘i’uét%d 394568 %aﬁle%;&ﬂ 6?193@% trmln@éuiﬁe in tﬁﬁwghﬁ(ﬁael %4 in

begi n the next serie ress ower
addriess geegratoed 00202 during tgbdinihglplulsmhfﬁmlhggﬁ@iaﬂ BTbank

i tiat k add 1-13
sk agrers pane ot 288 “he Salid PRl eaMteohpu Masares are
pr‘o‘%ﬁié‘ooth@fdél@élrélﬁt’ﬁﬁé ngfés‘%“stlgr%ﬂs bRe é@é(lﬁ%%gi R \%ﬂ‘ alaRlks

operation of |ower bank shift register
dypiingy thei hﬂ”glﬂgoNMSe Uahlmlragjellgesbﬁ& lnladdress @elnevatoonﬂaged during

tne Bt Mol DondR Tin R4tk bal SR aeperatorigp to

prvidialldTaddresd Bibhals ’5!@!“5 ré&ﬁtéjihftﬁé%lﬁﬂwﬁ seQuéhéag to
the reverse direction. Also, a control pulse in

control signal CSYNC 1524 is provided substantial |l y

THOT TRt ap 7t Hr671 i1y | 4 n ¢ B at
1500(to start |r|1{t1{ at TE,/uo &7 banEWSthFs:/ rerq% ﬂla T2l
Bioo2| Bh? £t g aBTHi 4% Teol BAge §T@nal Bir 0Bt {Rd1s ﬂ3fr¥ BT3

Soegl ster @0 pytsc! grsd s Boorr SOI3 1680SUIso TMSCEVEEBE | SO
High T eEELET RS ke VBl NLael uBRNK | SOLTEVAET) SEES | $RY vaii

roviidi ng nk d @sse<

Adgpl t age ||eAdsl | ot i diddrs Gedil | BBIYNC| 1524 Adsir pif ddédrdedddr | Addr
D&ttt ant i advay |GRlid¢vaRNt viidt NDéstbl M N [Pelas e | Aiid | TLiRY| valig

signal—-BT5 at-115161to set the direction of shiftihg to
~

the reverse direction. Also a control pulse in

om0k aBh AR U i 2 e U 2Bl Aoy
sigials IO as¢ pre-chargeai duratgetlmmg signal T3 or BT4. The address
signals are pre-charged before being evaluated to valid address signals in
timing signal T5 or BT6. Thus, the address signals can be pre-charged during
the timing pulses in timing signals T3 or T4 in address generator 400 and during
the timing pulses in timing signals BT4 or BT5 in bank select address generator
1200. The logic evaluation signal LEVAL turns off logic evaluation transistors in
address generator 400 and bank select address generator 1200 while the shift
register output signals SO are charged to high voltage levels and evaluated to
valid values during the timing pulses in timing signals T3 and T4 in address

generator 400 and during the timing pulses in timing signals BT4 and BT5 in
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hi gher bank shif

t

regi ster 1204 sh

vol tage signal through the shift r
waee@sab®asi rom SOL3 to SOL. Control

control s operation of one or nore address generators

in a printhead die. Each of e address generators is

control |l ed by control

ifting a high
egi st er out put
si gnal CSYNECT/US2005/011723

pul ses in control signal CSYNC

that are substantially coincident with timng pul ses
bank tsehich addfepsajeneratos eaoohe\dﬂrég@gigﬁal pre-cHe gy i92dded to

In one enbo

i ment, two address

an%@i nitiate operation.

throtolpwing seqeiif®de val i d address signals during six
timng pulses in six select signals that correspond to
One address generator provides valid

six fire signals.

Pesyay e 15. | FHR 1

g Vald ¢ oAt pPspitivses i n Busht|r\ilid | Valid

BYdr essT4i gnél s | d6ki nd 1t hndé/ off T8I x t i Mthg| Pail s|eks/ andr1/ | T2/
ghe ot hers aggsessrgengrat 0Ter dwrdes valbsd gefrlass | 12 | BT3
duting th her tthreelof six|tinmpng pulses
¥4 one %%o&pnents,% e%@ﬁ) of Sthe 8% addPOss| §enerSR or[sSO | SO
High si mji el | Velidad¥eles $ Vglishe Validon HEBO of Efdiguvaid 9. vdit | Valid | Valid
trer—embqainenteanhof ‘5c4§mﬁ agldress—gerneratars

iswsi m | ar ?garba@ﬁl?rse ggkt Qg?(jfr eéa‘s gener at orAO?QO dgf Addr édf;

| all

Addgpad- CSYNC to
Figure 9 is diff

charge ;
PuU es I nh contr¢

DI

cont r ol addr ess Ag@imeat or 400 gf
erent tham the t%
£

si gnal CSYNC

m ng of clontrql
ar%

Dntrol [pank {sel edt

address generator 1200 of Figure 15. Tim ng pulses in

Ea( e pieniel moge sighan s i et scd

tHehé%kiﬁ;ﬂg;ifste’r%ﬂjt t&igifds 1S b a4l

ect address generator 1

ban

_andtimng si gnal _
igter celip pge ttg@g vglid while

gg@% BYARERTe 43%@egr|iest

respectively.

ther isterhal nodeysighalss3N @ad bt prgechrget ds dhring theetimirigepulse in

.cells ch hi fit i st. t.si | s SOt
i SoBAC L & pIe pReLie S8 ElRles RS SO 8 aemrval
Shlel, 4Rl shittirbyieterad i §ssignald O are I9ed RIahBGEsIGHAs A6 X!
gnal s, shift register output Signals

Pregeding @rvra@xiéwaetsbifp@agiﬁievaellﬁei@_m?%mge%@gtcﬁ:s;ﬁw and 1200,
SNBSSk oMb Pt e i EBG 8 ot sianals

val i d address si

er out put

Sehregsredtharggd tdhighi voliagepelsle duningithé fighind pork if4iniAg
_ad%{_ﬁs erator 400 and during_the timng pulse in
sig €°§ fal Thernterpahnede signals SHeﬁiﬁ@@lL@g@@bgmﬂe or during

g

provi

hal E8bs BT, %I&&%e%t%ﬂ?é@p?@asﬁ@ﬁals SN

circurt and address sign

areveNalaated substeaitiatly caincetend withraycomteoltpulsenin qoritss sigmal

CONRC R St

Sle npeaToHIigRor iBARNGHs sidhal pre-

cRAGIMRFANDEVAUAESH afe?88dé@to the following sequence.
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provide valid address signals. This results in the
foll ow ng sequence. The address signals can be

woe@sabmsged as the shift regi ster output signBCEHUS005/011723

are pre-charged during timng _signal T3 or BT4. The
address signals are pre-charged before being eval uated
to valid address signals in timng signal T5 or BT6.
Thus, the address signals can be pre-charged during

THe tid4g| g6l sed6i n|iMhi ng2ki gials T3Ter [Tw/in 16/ | T1/ | T2/

gedr essppenerat 91400 ggad @qgl Ngthhe tighsNgRul|ses 1'so | BT3
timng signals BT4 on BT5]in bank sel ¢ct addresls

$enerat®® 1560. [BRe 16§ ¢ §@a| U#3 on $SEN4ISA.EYAO |SO [SO
gk ns |ofval | @i | @l UakEON Ve N$Hight OF $ EVA |agdd €SBilid | valid | valid

nd bamnk sell ressl|gendrat or| 1200
;ﬁirl e the <%8?" AT sOET o dfdu

Adiignall s SO Ak |AiF geAtidr | Addr

m@trhygh voI Eage Melice| &/aiand veldal| mastes) { o V?Evdl Valdigs valid | Valid
T3 dnd T

o Nniillenc |n 'l'l
3 Pul L= A vre )

Kdﬁrgﬁress generator [400 and di "®he ti|mi ng |pul ses
¢hargei m ng $ignals BT4 and|BT5 i nhmgk sel eqt adcress

generator [8NGrecARgE €SS S gmal [pre-ciyargrt JSN?re%Hé,'.
to the following sequence! Thelinterpal no I gna

SN in|SNift regiStévalcelIs neeliSNo be SNali i while the | SNEval
whidft | valgi ster output signals SQuar e |&yad upted to

H | T | i
vaH-a-vatdes—Fhe—eartH-est—thelinternal node signals

SN can be pre-charged is during the timng pulse in

tim Wfd i st.er: .
A e T g e e
tipingpsignal 'ghahé esaluated dudng the timmgupulsegméitréng signal T2 in

Q4358 GeNdutlor 268, Tolaladdiann oeRRidprant mateslgrisain
ccwcﬂrsﬁgrmrmsmgds pedded Hoeng fid fmfr@‘nﬁl%@'in ‘HHﬁrﬁ’g?‘Elgnal T2.
gnal s_ SO are pre- char%ed to high vo

dur i hge ifernal mrAg sfanade SNifor ithe leyveri hamdd shi ngflsieTleOZ and
|
hl-nggl' bahe FE] R re%%ﬂ&g‘r ’Eéu s@ tfan '\éeéféﬁ ga%vq"i%ﬁsa@&%%%g r° oarre pre-
ch@lrged duheglthda ¢imiadg polzedn singnglsiyraNBaee 'ﬁ‘\@dn‘ﬂé’&h@ﬂnode signals

I I
SEIRI o LS. 1t i o

terFP@Sé@hél' BT€and We irﬂéﬁf’aﬂ ﬁhdélggﬁa?é Rk lﬁ% o1 B erﬁir'ﬂ‘ﬁﬁ Wlster

eval uation are add OW Ny Se€
120+t arenavaluated diripgethe tishing peilse ie-tirhiaggeghal BT gTo irtiate the

Iowﬁgb?ﬁhqsﬁgts %grﬁﬁbﬁ%ﬁ?@n@ pé%lm?cgodqtre gl@g}gL§§Ydﬁjr| ng

pr@eﬂéﬂaﬂlﬂrngl"m@ tinfifgiplildd ﬁﬁﬁnﬁ@@@?ﬁ W%’rﬂt@rmlﬁ%{% higher bank

cont r ol e in control signal CSYNC'is provi
shift; register H@Oﬂl aicegtrplipwee |ImC©nﬂi¢lr$ggI1a|@SiYN®2is prindded during

th?géﬁégﬁ“'%@g’ﬂfﬁgrﬁéﬁa@\i—ior the | ower bank shift

The direction signals DIRR and DIRF are valid while internal node signals
SN are evaluated. In address generator 400, reverse direction signal DIRR is
pre-charged during the timing pulse in timing 'signal T3, which is just after
internal node signals SN are evaluated. The reverse direction signal DIRR is
evaluated during the timing pulse in timing signal T4. The forward direction
signal DIRF is pre-charged during the timing pulse in timing signal T5 and
evaluated during the timing pulse in timing signal T6 to provide valid direction
signals DIRR and DIRF during timing pulses in timing signals T1 and T2.
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hi gher bank shift register 1204 in bank sel ect address
generator 1200 are precharged during the timng pul se

WO poosi10§48%8) si gnal BT6. The internal node si gnaPGT/BBR00$011723

the | ower bank shift register 1202 are eval uated
during the timng pulse in t 134 ng signal BTl and the
internal node signals in the higher bank shift

regi ster 1204 are evaluated during the timng pulse in

t | m hybankyselecBABdreBs gemetatat ¢200editevtion éagmhs $MRR and DIRF
ister 1202, control pulse in control signal CSYNC
afe Sei i 088 CORTREUBRAN CPRITAIGS gRAILESY NG furid casty Aaties of six

tiRIdg puRBd. tT‘i?vd BiHer *bAtrBI Hi1SEs h’ﬁnﬁt}%t@ﬁ@aﬁ %@Y%éﬁr&;ﬁ%%‘lbwer

a control pulse in control sig I'S provi
bauok shifit negisten 120dapd higharbankrshifyregisteal 2643 AIs'Bj énternal node

d DR id
si8hpBr s SR S Rafng olloef 8 80 Fiaviln s and B3
age direation siPis DIRREHR DiIRFEAEEP T BEYRRH dBHRR the tlmln? pulses
pre-charge durlng the timng pulse in timng signa

'nﬁﬁﬂlﬂﬂﬁ'gﬁalﬁﬁ_ﬁ-héﬂ &l%er internal node signals SN are
| RR
cval 1EEEK sEleBt ARNRES BeflLfAtl) 2 3hdYerh: cg'?@hg.?mmf Fig.

16 hdird atiowesighals IEHRR amnd SJIBFiadre l@kélEhlaEgéUleJ théehning pulse in
na

(i el FhrGER e e A ianale A igighgnaankrshit
e?%t@f Y04 Qe é{/élﬁafgd efhé el?eéﬁd?i@ ﬁ QPW%-@QVQQQ%E quring the

ring timng pulses in timn
timingkp et déttiminplisigeal B§5armittbe oﬂ@@ﬁon dlgrmtt']lleﬁ iS egalabfed
nd DI RF are ulse in

IR 1 oS R S e Therdiecin Sandk PRRgnd

DIRF 865 valld\auf r
R S5 a0 e 0l s GRALTRE 5500 5h oo

The gawirolRiHse dncontrolsignal &§SYINC4s pm)\a@ed dutmg ke tumnrtgepulse in

ol B A1 R S B RElos sts
and [l dife eedddimeie sM&imﬂ%W%é%gtndFegdé:sggcr{w% g@rnggaEL@

S%Lg] ng_ S|g @I s BT1 and BT

EPHESPONS Bith-54x fitg sigpalsdrovided dp sixifrecgrotipsi dhe sy timing
D d

pARESH 408 ENALTE (DS Do BRI ERRLGEE MO or

cqn’altoé paksesrindentobsighal GSIYNC fur@batrokhag lkadsinedd géﬁ@hﬁdrgrsuch

a 4 are eval uatsg '{ltae di |§n signal DIRR i
S5To55 GEATH PR 400 16 DA Rlsch AR QEsS SANSHRiG 1208ndn agdesss
gertfaidna0di bRE CoRftoPp @8N R')r'ﬁ]Fol's%r?é{ %S‘ﬁg@qs %‘éEH qg iifiSte the

timng pulse in timng signa rectl
sheft g&mstgr BDRH%M@Mrdrpe:Ise&l in d:odtrol mgnar@SVNﬁ aga used to set

du%%ltﬁﬁ%ldr{blé bqh&gar% Brlﬁll-'s e contro pu%e in control signal CSYNC to
initiate shift register 402 is provided during the timing pulse in timing signal T2.
The control pulse in control signal CSYNC for setting direction signal DIRR is
provided during the timing pulse in timing signal T4 and the control pulse in
control signal CSYNC for setting a direction signal DIRF is provided during the
timing pulse in timing signal T6.

In bank select address generator 1200, direction signals DIRR and DIRF
are set with one control pulse or low voltage level in control signal CSYNC
substantially coincident with a timing pulse in timing signal BT5. Bank select
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The control pulse in control signal CSYNC is provided
during the timng pulse in timng signal BT5 to set

wo b@sdosetti on of shifting and providi ng addr eB&T/US2005/011723

signals. In one enbodinent, six timng pulses in

sel ect signals SEL1 , SEL2 .133 SEL6 correspond with
six fire signals provided to six fire groups. The six
timng pulses in select signals SEL1 , SEL2 ... SEL6

a@d @ssdeneratopd260 i mitsd Msmgst\/\fooéorﬁﬁmbmﬁesﬂﬁ lceffrol Signal
rol signal CSYNC for controlLi % dress
atYsCorRlpulse ingenniel S@é\ﬁéﬂﬁ C injtiates lpwakbank shift

%?S*@FE%Q’Z" el phisen coRuBFARAAFCRINE fiies pianer
baik shiftt iegtstert 1204 hThe lovesyi Isarde smme@etééﬂ?ww iitiated by a

t 0 se
oQtF RS S e SRR AN SRRl SelErsT pilh<timing
pGIRBtR Bmisd Srmal B MR Kighst baﬁn& §h.ﬁ%{;fstére@oat .@fm.ﬁgqeg With a

provi ded during the timng pulse in timng signa
canieol guwire il cqniifad signal &Y leubs’@maallmﬁmdbnt withta fiming

p@g% ?@Elhﬁﬁ‘g §tg%%8'3;1"l gr?gi?r{tﬁojr V'sdlﬁ g:og n p@ﬁ&b{& H!gowded
deiny tivlingpaisas irCEiNeg él@hal%%ﬁ BT3 éHd B‘FB'c%ﬁtr%l 8pévation of

DIRF i s provided during_the tlmng pul se in timng
b@nlgﬁglpct]@ddrpﬁs ggARrajer &¢90.addr ess generator 1200,

d
cont 1o e bRhenWELAR S oBffesk Uestirbor® B8R are used
m@SﬁNﬁIheaUshaAOl e of thienwiocdieark sélebt Aidress ggnétdt@% 1200
nal %ank sel e taddress enerator 12
oo e S s B foritR CEotRs 13 Mo eolar Bank pelect address
gérﬁéiﬁ&ir 1@§ﬁﬁ§ov@6§ fofoipd soélﬁﬁéﬁst? #é‘gF&lsbtsr 1‘;(6%5} )| pulses in

CSYNC initi'ates | ower
cemtl Isignat GRYNC apalsbiftedbictimee dtimisg gutsles(BSBN(hg substantially

0L igh h ft [ 4. The |
cqfiike B Uy buBRRia 35iing sioifls B2 £ H9 and BipGicontrol the
satdnBebdrk sesdtridresopaheratorNoopubst anti al |y coi nci dent
wth a timng pulse rn timng signal BT1 and hi gher

bankFigHre 19 iegidiagsam flogtrating ene pathedimentofdwedrantoselect

aqitbRE gele s Dt o2 A s R URS 37 okar i 8™
rpuhew diend@.oMhedanki wiedt 200Mds garmratted 1900idMd 1708 8@ one
timng signals BTl , BT3, and BT5 contr ol

erBad Rtan P Prisal Rt Pl ad gk Fachiof iEobank aelect
=285 GEACH A 1700 106 Ll G SRS 5% gnerator
124¥hand Gteegitoupd di7@da- k0 aae: simsilar20 Gire yrodpde20 26400 2Kilustrated
in I, nal7s to fire groups 1-3 and the ot her bank sel ect

The bank select address generator 1700 is electrically coupled to fire
groups 1704a-1704c through address lines 1712. The address lines 1712
provide address signals ~A1, ~A2 ... ~A8 from bank select address generator
1700 to firing cells 120 in each of the fire groups 1704a-1704c. Also, bank
select address generator 1700 is electrically coupled to control line 1710.
Control line 1710 receives control signal CSYNC and provides control signal
CSYNC to bank select address generator 1700. In addition, bank select

address generator 1700 is electrically coupled to select lines 1708a-1708f. The
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generator 1200 provides address signals to fire groups
4-6. Control pulses in control signal CSYNC are
wa@ biostiesdshy three tim ng pul ses to bei ng substBeit/Ustony011723
coincident with timng pulses in timng signals BT2,
BT4, and BT6 to control the Y¥cond bank select address
generator 1200. Figure 19 is a diagramillustrating
one enbodi nent of two bank sel ect address generators
salzoDliresl1 1032 1408f recrivei selegrsineds SFO4aSEI®4f. 8BLS and

PPV SR HEBalE SE b heSEhbou hd dfaTHRIPel SdSPEOERgrator
1700,ad Welerdodhé chlesFasding fird R@lg%nf7o@%é§@4faddr ess

generators 1700 and 1702 IS si sel ect
addr &be sgiantline di7 08apuovides seleet gignapSELTAd bahk Géfecimedress

i nd . =202f il lust d in Fi
OB R 44k SRS B0 R e R B ot L
sighacSEL2ab bynk eefct ddtifeski gehedstov ﬁ?O@Mﬁni%g@q&l BT2. The
through address lines 1712. The address lines 1712

seleehlinge1 40k poyidgsgipied signal SELfto bank-galeet agfdrassgenerator
. i ri .cel 20 i

1709 B8 LR sRa) BT DS qighhel Prond bARIER dledNaldl gEL4 o
bm}dsele;st g@uhesigfgeﬂalﬁm 760 ab dinting ?ilgjéia}' BTaupiRdsélect linle

trol .line . r i ne recei ves contro
1 G BV Re G P e Rk 87081 iPSEgenerater Bk as
. e et _
BTSSR ank o g L o8B p b
selectsadasess penemtar70A) a7 tgling SigeabBE6L | i nes

SEL o841l HRRE 24ied8 otieplaP d70kis Stecteally Soubiseto ire

grbopbarm4ae1m_tmad?ﬁ%‘ada@ésem@sow%?oﬁhe aadmes!inds 1796
the corresponding fire groups 1704a-1704f. The sel ect

provide addigss pldpalsteB1 seBé et ~BBdrrm bapk select laddkessegerwrator
0] j I ' Th | ect

T TS, PP e oRhe i RO BB ar s ok

sedettraekisegegenarator 17020s &tedtiicallydcstiptetto Eddrol THE 1710 that

select line 1708 gvi des sel ect signal SEL3 to bank

re8eiVEs CoRHAF sigaalies KNG BT Proidas Contivlrtional GraYNBTe bank
I . ; . ;

el 2Rt 65 gehdlfich 1720, A AUdSh, SR Sbiett ARdesSishel flor 1702

is Biectricaily aosipéert td salectline8el 7i08avi 108§, Jeleawleciliges!178851708f

orh B Wt S BB 9° 158181 AR e PR o
173@6%3}‘@5%% 8R! @StesPRABRRSIBRISUBS 970449088 ti M ng

The select line 1708a provides select signal SEL1 to bank select address
generator 1702 as timing signal BT4. The select line 1708b provides seleét
signal SEL2 to bank select address generator 1702 as timing signal BT5. The
select line 1708c provides select signal SEL3 to bank select address generator
1702 as timing signal BT6. The select line 1708d provides select signal SEL4 to
bank select address generator 1702 as timing signal BT1. The select line
1708e provides select signal SEL5 to bank select address generator 1702 as
timing signal BT2, and the select line 1708f provides select signal SEL6 to bank

select address generator 1702 as timing signal BT3.
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The bank sel ect address generator 1702 is electrically
coupled to fire groups 1704d-1704f through address

WO 20088034¥316. The address lines 1716 provi de adPeEES2005/011723
signals ~B1 , ~B2 ... ~B8 from bank sel ect address
generator 1702 to firing cel1%® 120 in each of the fire
groups 1704d-1704f. Al so, bank sel ect address
generator 1702 is electrically coupled to control line

17101t bperatienefireegrouprineo(F G wtal7048 Y ivas tins auﬂ@% signals
ener at or

ntrgl si gnal &SPYNC tqQ bank sel ect address lg [ ¢

~§‘$02A I'n ”‘f%?'ﬂ‘i’ > PHisRKN selest sionahipELd fgeprakiing:firmgogells 120
i - i . . t e L s -
AR Y MFAUELSEL b 8ah i teSp AP Hiod Blvs e
adtess siils ~A1, SARG..t~Adand thepeist inddlezs signah8EARFOr

eii9lie fpgiEelsrfib kdhatialioh b ShOaanr6 (oS Fireickun three
(PG 1 BHlrecaiveanke SRR ﬁ’élS@ﬂ%W at.okg %gg 4h&%ulse in
timng signal BT4. The select |line 1708b provides

selerkyignal kB fanakliogdiing calis d20 faddetivatiogenefiret signal

as timng signal BT5. The select line 1708c
provi des select signal SEL3 to bank sel ect address
geneF i grolyy Gurd§ G4 it 1g0sd gecdivéd the dduress sRfHald 1BE, ~B2 ..
ééOSdstgr ovi des sel ect, signal SEL4 to bank sel ect
~Radandshequizs K spleataignalSkliqion gnaphna firieg cells 1R@ for

a&flafibh by 18 SUIFIREAY I EiRAgSEbRe, ()2 17848 rbgaljalthe

sel ect generafor 1 as t g si gnal
adaress lsggradd eBtl, +Ble.. FBBAngthevpulss irs etlect sighghSEL SHG

bR seceslEs 1 o BV bisidei RES. Lhm droup ok (FG6)

atl EORIf¥88eivbe tRIHASESs S sp1AlBp . TABS and fH%S%QEQ it Blect

pul se in select signal SEL1 for enabling firing cells

signal $iok6 fenenatlingfiring dalls & 28i fgnattivetirBby. firsi signa)IRES.

t t 4 i th d ' ~Al |,
o EBCH b Ble B BT b e RRGreCT i iRy 2 e be
indepéhderglyf inftiafet feplovidelOwep bafk Hddpddsel Y3 lor hiyher bank
signal FIRE2. Fire group three (FG3) at 1704c receives

addiesseriil 46, #1 Hieafoswang directigp or the ragersa dinestiopuBaskiselect

oG5 8ELERLAG 75 B, AL B0, LLELIBEEL i b1
orgighdldahk addiessss t1he2aihdsithes tise ﬂﬂwgﬁédLgB%égt:'onéﬁgtgﬁ rﬁverse

difetiong ALt sMHoa bANG selPehaduRoR genpIton T (IRIaNA baisk select
w8 BERUAH1 YR oS 6786 Sief iR dlites 115
ordhigiei b8 addresses 14-26 in either the forward direction or the reverse
direction without initiating bank select address generator 1700. Also, bank
select address generator 1700 can be initiated to provide lower bank addresses
1-13 or higher bank addresses 14-26 in either the forward direction or the
reverse direction while bank select address generator 1702 is initiated to
provide lower bank addresses 1-13 or higher bank addresses 14-26 in either the
forward direction or the reverse direction.

The valid address signals ~A1, ~A2 ... ~A8 are used for enabling lower
bank firing cells 120 in fire groups FG1, FG2 and FG3 at 1704a-1704c for

activation. The valid address signals ~B1, ~B2 ... ~B8 are used for enabling
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enabling firing cells 120 for activation by fire
signal FIRES. Fire group six (F&) at 1704f receives
W0 b@saakisess signals ~Bl , ~B2 ... ~B8 and t heP@UUsSmo$/on1723
sel ect signal SEL6 for enabl ing firing cells 120 for
activation by fire signal FI¥86. Each of the bank
sel ect address generators 1700 and 1702 can be
i ndependently initiated to provide | ower bank
loweldbasisfisnd el 020 In fiteegrobips F G4 dF@S sed FI36 2617 04d 117@4f for
forward direction or the reverse direction. Bank
aclwation. address generator 1700 can be initiated to

pro I
e e S T

celle tatsee doupled tora sameaubgronn oﬁselegt iresk Ioeiteen

ey Sn5B" BF neh nafRior RS <3 AER pREShEipossren

otr@éidrlﬁ?f@ﬂﬁerlerhso@iméhtg hietvebaalsk @ddﬂﬁ@&ﬁ%ams%fedt Address
either the forward direction or the reverse direction

genetatend 7Phis elaeirieglly saKried) te diffefgat tring gelisdhandhe higwr
baﬁk%%uﬁ@ﬁh b%‘?llkescetleég‘y{d‘?é% @%gééé?&rol ob! Hfls T‘%)_E‘)fg?%ary also be

nNitia Fovi ower eéses

utlhz@lmthbas;keetdd rbaake;elél@agaress @ﬂdrghmrpﬁegf OL war ;:l
di rection, or revers ILrection 11 e an sel ect
add %§§”@W§P§W%f§2"° ﬁ@%%%ﬁ PRRIALIS| g hierand

179?%0198@%%%?@& Baé@gl it 12l %*ﬂérfar&ﬁaifo\ﬁéfdﬁﬁﬁéfa@ d&ér&ﬁt LAd a

er t or war lon or the reverse~direct
hightes baaki shifa delyistes asd gnbigher-pank Iogkzc:lrcwt and eadmeu:imxcblrcwt

th%t?r enabl [ ng I”oweQHqu%f'lg{)l gﬁ glslls Igg;t aéc{ress
geﬂ@FétMﬁbt 1mn aﬁ@qmaleaéha&érc@ﬁae@irﬁaqm poions wﬁR aﬁrst %ortlon
~B8 are used for enablingi |ower bank firin

ingluding racloyies bask soift regigen rolopes bank 1qgia giregi zancr @ldlrectlon

oty » SRpond pRRIHBRRLEE spifttfolsive gt R ogic

ciregitdreta drestiGRorcit wpemitheofirsspdtioh dndthe.secbndtgertion need
enbodi nments, a |ower or higher bank of firing cells

nohpe lorafed pgRr pask gfhes iyl ase ﬁ@ctﬂqewyfc@ptol%irto wWith each other.

add?qj%s gengra{aﬁﬁg{?{ @%Q}‘arﬁ'ﬂf a‘hh nyg, %Iiecg{%%d reverse

op_drétfoercefrbarﬂq sdlect aderéss gemratdvre 1I70@rm1d bmﬂﬂmpmmtlead ylie 40.
T S o B RG  phpharahPR s LN e
anaQHfg:gg\%Ie %gﬁﬁltfgt Shi R tﬂeeamgbmbﬁen SOCRYNC & \Prht
1826. The address signals ~A1 - ~A8 at 1828 represent addresses provided by
bank select address generator 1700 and include forward and reverse operation
address references. The address signals ~B1 - ~B8 at 1830 are provided by
bank select address generator 1702 and include forward and reverse operation
address references.

The select signals SEL1, SEL2 ... SELS provide a series of six pulses in
a repeating series of six pulses. Each of the select signals SEL1, SEL2 ...
SELSG provides one pulse in the series of six pulses. In one series of six pulses,
select signal SEL1 at 1800 includes timing pulse 1802, select signal SEL2 at

1804 includes timing pulse 1806, select signal SEL3 at 1808 includes timing
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1702 includes a | ower bank shift register and a | ower

bank logic circuit, and a higher bank shift register
wae@saofasyher bank logic circuit, and a directPONUS2005/011723

circuit that are near each o{?er. I n ot her

enbodi nents, bank sel ect addr'éss generators 1700 and

1702 each are divided into two portions with a first

portion including a | ower bank shift register, a | ower
polsekl 816y iselect s'xguiat SEhdhtd 8dRrincudes tiniimg pulse 181d, aelect signal

d 1 h b i st .gh
ST R RBeR R A bl S5 o Sl e
inclucds tnﬁrn@ms@nggghe second portion need not be
| ocat ed néar each other but are electrically coupled

to wn fowacdmww@pn sorfiol sigrml iGN E{mRY ZégPr@mdes control

pliperHZ e YRR A e T5RE 195858 HtRal seL2

ap1804. hQ'hd cxijjnerolﬂrﬁulsér HS3eawts bhnk isglaet atidress tjeneratgr H7A02 for
t he forvvard direction is 1824 and t he .

FWD) at
shifiia i1 thefgrardtirectian + Alsgy qlslcgrphggnak@Sé’élQiF}/\é@} 18
\{

Pl LIS 185 SuotRuARTETRGShENM St ppisz 18 i

salédt sgaabSEEB at dB1 6701171eaamhtnah pllseée! §3 sets daak deleni @addeess
%’8 ref%I grnces % e .address signals ~Bl

gehe prbk,e eV HEGQtioBe| ect addr ess

gene[na{Hy néa&%%néﬁ@f SRGHHESS, fs@!é’@%fblﬁm@ﬂqvﬁr%o mcludes

operation address references. The select signals SEL

timirgepalse . 1838EE6lest sighakSELE @t 1804 dncludes timingpulsa 1@38 select

Sl Rl 308 TaaRles bR 146 e Ron b ofal S6 B 102

ingRIdeRstirAing P s 1BSR Sselbdt didieal SELLRat %1@Ir?elwe|s&ﬁﬁmg 6)ulse
sel ect signal SEL1 at 1800 includes timn | se

1844 and st AlonaESE L& atHAZ) nkKgadening Pk 65e 1506,
2ol cBrbaEhaCERTNE ISR 028 bliced BRI

smsslﬁo’lcantuelxlgn maq:idaﬂi_\ﬁigaétigﬂr@ﬁlljlsedaﬂa;et? ctdnltmue @ettlﬁgsle?rileéﬁect
n sel ect si at nc es timn ul se

adpss Gemeraibnar 62 ScTaiingn (o fanverd dirartian eSVRBFAGuIse
1é§@éu8§t‘é\ﬁtn§§‘$cﬂﬁ@ﬂdéﬁ with 'tlﬁﬁné?ﬁ%esm Rdrtinug setting bank

coincid timng pul se”1806 1 n sel ect signa
selechaddress @énemier ¢ 00 farlshifting én m@)rwetobdlb@aﬂons éAlsat control

SHRRLESTAREFRIOL Tood Alownss pitie rilnefsafioagolialy coincident

wﬂthfmﬁQ%u‘I‘é@‘Is% inPsBlE6t sigdd SEIDFhaNgo@! The ‘é@hﬂ@l ﬁmgé 1852
th timng pul se 1818 in select signal SEL5

lnﬂreée%thﬁ lowrer hankeshifs aoister i bamkselertaddrags geggrator 1700 for
generating addresses 1-13 in address sighals ~A1 - ~A8 at 1828. In addition,

control signal CSYNC(FWD) 1824 provides control pulse 1854 substantially
coincident with timing pulse 1842 in select sighal SEL4 at 1812. The control
pulse 1854 initiates the lower bank shift register in bank select address
generator 1702 for generating addresses 1-13 in address signals ~B1 - ~B8 at
1830.

In the next or third series of six pulses, select signal SEL1 at 1800
includes timing pulse 1856, select signal SEL2 at 1804 includes timing pulse
1858, select signal SEL3 at 1808 includes timing pulse 1860, select signal SEL4
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generator 1700 for shifting in the forward direction.
In the next series of six pulses, select signal SEL1
w@2003801355 ncl udes tim ng pul se 1836, sel ect siPCHRUSHELR11723

at 1804 includes timng pul se 1838, select signal SEL3

at 1808 includes timng pul s¥81840, select si gnal SEL4

at 1812 includes timng pul se 1842, select signal SEL5

at 1816 includes timng pul se 1844 and sel ect si gnal
abEB 62 atcludx0timimy pulss 18681 sgleptdigrallSE05 aC9816 Mcludes timing

PE{5Heftod 208 FyeCbrRBRGSRED G {1 H20iime nges ot puss 1666,
cont iTs@:onerol bighaPERIVNCEIFYD) 2894 576viBE0 b AN pld 1868

for shifting int irection and contr
smﬁtgetlalaﬁ@plaqsgnbwﬂh :tum"yg pulsec! 3to cartimuti sttty bamls eelect

od B8 R 81 TR B RIS ST EER0S e
18 PO sUbstantignatoirEiba( EMH)tln%ﬁ%‘buIHéJ’V%iﬁﬁ) &SWcHu‘él sé%h’rg% Bank

1852 substantially coincident wth timng pul se

s¢lgckatdiess gegrEatosir Q0 far stéftog ithe foswardbdirgetione 1852

bank
adar 005 PRk Meled B Yerietald: 1788 ibidas louBiadadhtess
ai T8 & nlr address givalads ~A1 -~AS\8t #828.828welt baddiiéic@8.1 at 1872
1824 prow des control

|
bSEHUES yBLH FHONG NG BHIRE AR NGaIRCtSSnalG Bl ol Ekand
rdnfaif8 vaGd uﬁ'tlgfﬁtngsﬁhﬁe 3863 34 ele-Epgllgﬁ?PSE?h Ysss }_l%gvdétr bank

initiates [ ower bank shi ank 5€e
address §satg‘e?r?é3r istualid tuoipgftioning emﬂsm 1866, d@GBearL$840 ih3select

bfpBEeT raEL SPRuSEE AL 1808 Boaandiad 'Sl ac 1800
| lnC|UH@bahk@bltﬂ:tﬁdHF@s]l%g%ra@?H?@Q prhél Io@%zoéﬂk %%%531

i ncludes timng pul se sel ect 'signa

ati R4 /8caddress Rignals <B1 1868 atsti3k t LawenbaniGaldrass 18421874

boddhelsF81q uIRifg et ButEeBeghf Blfet S0t st @elipeiand
reh@Hd0s valid uetistirhingi mase1B83@ il 8618ct gbﬁaICSIEH @'t 1800N&bwer bank
V\l%) 824 provides control pul se 18
‘gﬁgcérﬁt 3 |4y'Sé’é ﬁ@.uaaatfmmg ﬁu{seﬁ] W@%@JB% aI@StBGﬁ)m select
SIGRAL ] 945§EL5 8fd Saf? 1§ggerator 1702
§ orvva o?l re

or s ting in fhe on arid control
pul S'Ehaaddresskmgrmis |—«A\I1I-y~/k8)at108ﬁ&ladeBh +B8ia1d 830! Frevide

thd 5505 8t Bles B EreeR haf 1608 ok (5. trweTRank
aegﬁéféég Sl@%%\ﬁééd gansy ﬂﬁé’&eﬁe@@f Sk BHIAG PulsReHe iy with timing
pulse 1856 and ending with timing pulse 1866, which is the address time slot for
lower bank address 1. During the next series of six pulses, beginning with
timing pulse 1876, address signals ~A1 - ~A8 at 1828 provide lower bank
address 2 at 1878 and address signals ~B1 - ~B8 at 1830 provide lower bank
address 2. Bank select address generators 1700 and 1702 continue shifting to
provide lower bank addresses 1-13, from lower bank address 1 to lower bank
address 13, in the forward direction. As lower bank address 13 is provided,
bank select address generator 1700 and/or bank select address generator 1702
can be initiated to provide lower bank addresses 1-13 or higher bank addresses

14-26, in the forward or the reverse direction.
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at 1872 in address signals ~Al - ~A8 at 1828. Lower

bank address 1 at 1872 becones valid during timng
W@osaosu86 i n sel ect signal SEL6 at 1820 and PETEB1U85/011723

valid until timng pul se 1862 | n sel ect signal SEL4 at

1812. Lower bank address 1 at391872 is valid during

timng pul ses 1856, 1858 and 1860 in sel ect signals

SEL1 , SEL2 and SEL3 at 1800, 1804 and 1808. The bank

sel e trigléx@®ple eRdowtp badid aadms@wsistSMSDM%rprbmbd in address
address 1 at 1874 in @ddress signals ~B1 - ~B

signgls. ~Abue/Adainl82and laver hankiaidress 43 863u$ arovided in
aggags ngaaéf@ammds@aﬁg@o'éaé&'ﬁ al%%‘@%t R ofe%%mg

Ins vali unt i timn
psisgrﬂaﬂ84$EEIbca*5|ghaDSELkaléBObantNudelsitummg pulse %Bélsebct signal

SETp (4R dteSaltinG Bule 1A, seles! alonebPEL A ¢ gripciudes

ﬂqﬂ?puﬂé@q sodEeRet §|QEBPSEL5%¥ 181 sfﬁ%la&eéﬁ%%ggﬁélse BBo2 and
grOV|de t he same address, | ower
seledr egaliSkL

381@29mtpll1wftlmmg/\plulsedﬁﬁ4address lis

begi fanig! WPPAPC SYRCIFIIE 1954 B0 s s A i oo

s@bﬁﬁ%l%cﬁ@@@ﬁtﬁmtw\hhﬁﬁg p&lsbhmmfcﬁ)?ﬁmhe @ttﬂf@ﬁaﬁl@éelect

| ower bank address 1. t he next series of six
agdress 9ensE}Ph Y Bg f% &mﬁmgrﬁl %’QF fauwaed digeetionaann egstrol pulse

180030 anti crfSaBh IAR S TRE e A, Bl Rl
s¢levkaddresk geddratss1200 Barﬂhlfang ﬁt’ihoeamdmaag% lgﬁtﬂat/ﬂéé control
provi

1700 ift
sighar cEYBCERT THRd mrowiies coatiR mke 4840 SubsNBaler somncident
WIBTAGHURTS195D in SILOiG ) Siics A1 106, PR chnrofite 1900
iniaxtes titeohighZobani dhlﬂrreg@rhekr in ddapdts edestd aelglse sgegenerttor 1700 for

oqrer3i5 Pighann Aot RLaK M 5o Besl siRals ~or vkt 26 1828,
It iy, oprofl bl COYNC(RAIDS 182@Wbﬁde§§ohﬁWul§@ﬁboz

address 13 at 1880 is provi ded i n address signals ~A
substamtially cmzcad@ﬁdmltmmngaaunsed@@ﬂes selest signa8 SELbat 1820

% $8hfEthn S 3562 $3fetedE b b st i Belo S e
addresslgeBEtatont 7030k gendratieshighet bank HtgrRst88 8 4-26|resddress
nal  SEL3 at 1808 1 ncludes timng pul se 1888, sel ect

S'QP%‘ﬁéTB%EEQ 84t 18892 i ncl udes timing pul se 1890, sel ect

L PR R PGP P L SR SR o A0 s
timing pulse 1904, select signal SEL2 at 1804 includes timing pulse 1906, select
signal SEL3 at 1808 includes timing pulse 1908, select signal SEL4 at 1812
includes timing pulse 1910, select signal SEL5 at 1816 includes timing pulse
1912 and select signal SEL6 at 1820 includes timing pulse 1914.

The control signal CSYNC(FWD) 1824 provides control pulse 1916
substantially coincident with timing pllse 1906 to continue setting bank select
address generator 1702 for shifting in the forward direction and control pulse
1918 substantially coincident with timing pulse 1912 to continue setting bank

select address generator 1700 for shifting in the forward direction.
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Control signal CSYNC(FWD) 1824 provides control pul se
1896 substantially coincident with timng pul se 1886

W 00s0mi4shiue setting bank sel ect address generk€DUSHIDR11723
for shifting in the forward direction and contr ol
pul se 1898 substantially coi 0i dent with tini ng pul se
1892 to continue setting bank sel ect address generator
1700 for shifting in the forward direction. Al so,
cont Tok minjredlectadNGiSS/ B ndratt 1i0dvprdeieles drighierl bankl address

1 RSB35 P S 1 S8 e g Bl S 383 14 o

1090 beabRestvafid Mg tindiRb o Uidd ' y
seal) ect Ig}d%gr ess gengr i’:lt oplbl?%%ﬁ fg%l% ﬁg%ﬁ%%'?ﬂﬂ%gﬁgﬁ 1820 and

reyaainsadid esdiciming p@se d 948dn setect stpnal SELATt-18428 Higher bank

o e P TR UB o e

sightils SED NGEDR lane 8193 at N866/| 804 ah@n8b8 SELE at 1820.
The control pulse 1902 initiates the higher bank shift
regi $heLank selent address gengratord 7g2upyides higher ask address
0. hi oher 4b: < ) .
AR O A 1 PR 3 150" Flret LK AU HES 33 1922
becdraes vabieldadhg $imingpuBEL 1908 inls€cti sigrial G2 ari $@B8 and

rBinigs VelgantLaEg PUse 10p4 SESslcat sRaESER Al 800 iMpRer bank
afitess 14988 93k eklid %ﬂu@iﬂgﬁinﬁﬁ?gnﬂ"éeslﬁé%, 1199 FU%%M &4 Select
I I nal SE udes g

pul se 1910, select sig at 1816 i nc timn
sipohlseSE4,25BhY asd| Skl et $Bh2, BHIGcard 18320 i ncl udes

or ov A 2068s S0 ha 251 15888 1gRb R o7 ~E aiclabhbrovide

thed $dimé iadidrgbsp higirer bIAR dddireésint 4 aLe93@ bhtinm2Parnkighet BShk
address generator 1702 for shifting in the forward

agiresetdR PaAvided fuFipg thessEes of sixdimpg awses bgginning with
B ELGE o0t i AN B 3 1015 GRS kg e
slg)t;fog/&ﬁ@edj t{jam é@?ﬁgﬁ &éb Wi?ﬁﬂh&ﬁexﬁéﬁ? ?g ggrpﬁﬂﬁso beginning
0 .provi de er bank address a in
witaiba Pyl 192, SbresRigngle “hs Al 82 Bk dacighersank
addeRs B3 1 PR oty Giiielc 18150 & B0 GIsERIGyER higher
bamkraddreselise Barlosé¢lactaddress giegertoSELZ)kand 8702 continue
P A ket 0 e
higﬁéZbaﬁldaSE#é’ss%,W% fobRAA amectib?08. The bank sel ect

ddress generator 1702 provides higher bank address
In reverse direction operation, during one series of six pulses in select

signals SEL1, SEL2 ... SELS6, control signal CSYNC(REV) 1826 provides a low
voltage level at 1930 substantially coincident with timing pulse 1806 in select
signal SEL2 at 1804 to set bank select address generator 1702 for shifting in
the reverse direction. Also, control signal CSYNC(REV) 1826 provides a low
voltage level at 1932 substantially coincident with timing pulse 1818 in select
signal SEL5 at 1816 to set bank select address generator 1700 for shifting in
the reverse direction.

During the next series of six pulses, control signal CSYNC(REV) 1826
provides a low voltage level at 1934 substantially coincident with timing pulse
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14 in address signals ~Bl - ~B8 at 1830. Hi gher bank

address 14 at 1922 becones valid during timng pul se
wa2ed/107s55el ect signal SEL3 at 1808 and renai nBCT/aEB1005/011723

until timng pulse 1924 in select signal SEL1 at 1800.

Hi gher bank address 14 at 19% is valid during timng

pul ses 1910, 1912 and 1914 in select signals SEL4,

SEL5 and SEL6 at 1812, 1816 and 1820. The address

1888 M@ kcentiie settiff bainksB&ct aiadr enerBfbratt7 02830 shifting in the
provide the sa hi gher bank address 14 at

ddr ess, ess 14 .
revgree diaciYR Qngﬁ lgwe¢0?§§ﬁu§ it d 956 substaniially caiggident with
e Rt R Gl Sl S A0s AR RO GRRE g4 for
shiftirghini thetraversedtiextioni wése oontrbbsighabBEY NG(RE\AdtE265 s

otase R i 8 3405 8 o BTG 5L Blse
sd@eBsighavsEe 11t al3en. baekeaib ?ﬁﬁsel’ﬁg(% inkReSs fHflower bank shift
addreSs signals ~Bl - ~B8 at 1830 al so provide hi %I;(emrk

register ek selest addigss genemtonddo@ foy grnesatinglower

Biieeabs 135 P oM B Ao e Al 2 A PERE S0 ol signai
CSMNCERIEVE 3828 Brovides bentrsirpmiss!1940 eabstantiallycsinviaeaBwith

direction 83(E{Je_r ation, during one series of six pul ses
timing; pHiset1842gRAelectsignal SEtvdoat 18125k fae cenfreliiiises 184Q

RPN e en] B SRR X702

ger¢mtingdowenbadiEbddessésd3-1 i addrebasignats eBll -adB as$330.

] RN PR KN X e AP

pMRIdE08 187 \Bltagé 1\EP 4t S0 Sapdtaatialy CHhEAERERIN ity pulse
timng pulse 1818 in select signal "SEL5 at 1816 to t

18adiko sentine aeliting bankaeteci addrassigefasatas HirORifagyshiftinghie the
reverse direction. ri.n nex eries. of SIX.. . .

rdyrR BefUdrt by SBniRbi 1o vief sl landSly FFiptiosBl ditn tipino

pMRELREB fordttitinak skl bakcsalatl &ddress geRskleM 700 fdbt shifting in
timng pul sel838 to continue setting bank sel ect

theogvesse giepelidtor 1702 for shifting in the reverse
dir e?hb%q%%lé‘ct!a‘&’é{r%sfeén@rgmee@koﬂﬁi@i'r%oj&ro@/i%ﬁg lower hank address 13

subst anttally ¢€oi nci g pu

at o872 inaddeistisighdiarA1setAB at $828.ekswgrbanianddresdOiB at 1872
djrection. Al so, control

bSFQHRR Vel U R IIG P15, LSRR Sl S o5t DD and
SHFRE ALY BB N Sl 2 o g L ower an
addiessat3est 18182 isowsdid dusin thinptpulses 1856, 1858 and 1860 in select
signals SEL1, SEL2 and SEL3 at 1800, 1804 and 1808.

The bank select address generator 1702 provides lower bank address 13
at 1874 in address signals ~B1 - ~B8 at 1830. Lower bank address 13 at 1874
becomes valid during timing pulse 1860 in select signal SEL3 at 1808 and
remains valid until timing pulse 1876 in select signal SEL1 at 1800. Lower bank
address 13 at 1874 is valid during timing pulses 1862, 1864 and 1866 in select
signals SEL4, SEL5 and SEL6 at 1812, 1816 and 1820.

The address signals ~A1 - ~A8 at 1828 and ~B1 - ~B8 at 1830 provide

the same address, lower bank address 13, at 1872 and 1874. Lower bank
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regi ster in bank sel ect address generator 1700 for

generating | ower bank addresses 13-1 in address
wGer@hab®ss-Al - ~A8 at 1828. In addition, contrpCT/Espoad11723

CSYNC(REV) 1826 provides conirol pulse 1940

substantially coincident witH?imng pulse 1842 in

sel ect signal SEL4 at 1812. The control pul se 1940

initiates the | ower bank shift register in bank sel ect
addosssk3 geprevmiedrdmmhécsrengemlsetttlm(_mgl puisss begllhnm with

{1 RUSReLAEtAnd AnAGOLERT UG Puls 1606- BBICTS foF Gdress tme
st wa@rgﬁbﬁk BeMleskB2P D'Ugﬁg n@# oM e‘é%fts%gﬁu g‘é% lg%ﬁ\hnlng

1942 substantially coinci timng puls
with teingipwee 4876, adfreas kighalseeh 1 addvBeats §adhpoaider lotiéd Dank

aliesd e bt Bed AR G R i B8 e PP A i ower
baflAdtiressorR.i Bark seldct BddRaBlgererfpls 700 BR 1%2%@%%
1700 for shifting in the reverse direction. The

shigingcio RrgvidedewgE kank agdresses 1pﬂ3)\ifr@réleW@V\ban|baddreSS 13 to
AR ks A0 AR s, A b

addrreise genienatog 1300 sadid4markseietteidredggeneratdr6 7 da??@e
i mng pul se 1862 in sele

lid I
it Fo BlIdS Fowe BANK 2P 3k i higher ik qapeses 14-26,

,nvtﬁblfgn,gémlmeyéggerwr&ﬁbﬁes 1856, 1858 and 1860 in
select signals SEL1 , SEL2 and SEL3 at 1800, 1804 and

1808In thisexamkles @Bdcweauamleadd@saelr iatprovidi@d in pddrdsdesignals

A e 5575 0B 1on o abdPao-Sordiel i B ST REY) 1826

pmidé% v DeltadaTiene! st 546 é@@&ahﬂbl@e&o@ﬁéldéﬂﬂ%% gr?ﬁ@]pulse

at 1808 and remains valid until timn ul se

1885 treonfinyicasetiipy bagk sebwd add@n@rgeumatoad dp2der didftiag in the

S et 0B 358 A58 e
tuamg ;1@2@ 18900 addtings seitipgdank-silect adtibedy géﬁ&&t@mﬁoo for
-. ~B8 at 1830 provide the same address, |ower nk

Shififioda dha soverps ﬂwgtl%dA@monwmgnai&ﬁ\éumgy) 15
Mmésdc%ﬁtrqw)hﬁ%tf% §L‘f’6§t r?‘tlé?lgé%gﬁclcﬁé i r@e@ﬁlse 1888 in

begi nni n I ' m ng
select mgnapimﬂEleB 486808 V\,ff heh:omrot plelsadt%esmtlats&sahelmghérd:fank
ank ad xt series of six

S*Bﬁf%%'ﬁ SN Sﬁ%%ﬁaﬂf%%éﬁd r%tgfégsﬁéme%av&gddresses
2SS gl 74118 ooy ek ek

Car bl (REV)o1#26 provides control pulse 1952 substantially coincident W|th
timing pulse 1894 in select signal SEL6 at 1820. The control pulse 1952
initiates the higher bank shift register in bank select address generator 1702 for
generating addresses 26-14 in address signals ~B1 - ~B8 at 1830.

In the next series of six pulses, control signal CSYNC(REV) 1826
provides a low voltage level at 1954 substantially coincident with timing pulse
1906 to continue setting bank select address generator 1702 for shifting in the
reverse direction and control pulse 1956, which is at low level, is substantially
coincident with timing pulse 1912 to continue setting bank select address

generator 1700 for shifting in the reverse direction.
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bank address 12. Bank sel ect address generators 1700

and 1702 continue shifting to provide | ower bank
w@dasaswses 1-13, from | ower bank address 13 toP¢DWA2005/011723

bank address 1. As |ower bank address 1 is provided,

bank sel ect address generatole7OO and/ or bank sel ect

address generator 1702 can be initiated to provide

| oner bank addresses 1-13 or higher bank addresses

14- 2@ heibarikeeléctrasairésogeneratsrsty 0di psrevidie_e?i%hm Banksaddress
ovi ded i n

28520 1o SGHEFSS Suias - 50 24 828 ke benigaddgess 26 a
1 %g?%ecﬁﬁ'{éé\r/\glid?@tﬂ 'tixﬁﬁ&hﬁl@géﬁ?éele&%pﬁgﬁ%é 811820 and

tage 1946 suUbstantrally colnc
rermainsg/atid | il i88® polsedi®liOnosetent signgl B&hK ated8d@ Higher bank

dre e tor 1702. for shifting,in, t ever .
affisea A P 5 el Enee e lre 10 4306 S1¢ 1868 in select
sRMBR SPLH aBEV 2 GRid'SEDS 3t 18001 8045RG 1808se 1892 to

conti nue setting bank sel ect address generator 1700

for dhefhanksalectasdress/aereratn o2 pavidas figherdmnkoaddress
2 0RR T PSR YB3, B @4 fes 20 a

192P detosicgnallid SicriBigaimih@Qillsd 1808 timselett sighsleSERS@t 1808 and
initiates the higher bank shift register i1 n ban

kK shif K
reyapiastvaid Hnbs SmiEheyiae oo 2D setest sigpRe PR Tadr Jdighsr bank
A5t ASheC LR POEmUMIRD Tl e MIBSiR AR 1914 in select
sigoats SEL4USERS BOE2SELG st 481221816 and A8RAent with

tim 1894 | I [ | SELG,at 1820, T .
com A0 oo SR8 A T SABA R Shet B B9 Brovie
tHeLSArRE /IddrEs P MdherHRkladRHEE£98, SeTHIRA 18792 Hifker bank
generating addresses 26-14 in address signals ~ -

adgesst261lis3oovidadidhsingdhe seses of sixftinging eselegionimgrwith

.SJ. | . . i I | [, at ..
iy LS 1) Py Ba R el s "B Ry R L HBisSs time
slod ferdiighéisarieiaddrags RanDwinEtie rsidiserss o€ BRAIISEs, béghning

for shifting in the reverse direction and control .
withitisaing gniise WPRbraddsess sigpalsi vk ~ABsats 328 piievidgl higher bank

O . T 2 . ; .
SRS ATEL 120 e sBURR SR P 98 PP IR e i hioher
bark addresdi 25 cBaok séleet bddiess ¢jepetatarkdt 236 age MF02tavntinue
sfino. Buroy iesighdiiank SgreRees 33326 foghbibhes kRN adeiass 26 to
hithefrbahR4dResoes valid during timng pulse 1894 in

el ect signal SEL6 at 1820 and remains valid until

ti m Afhpugls epeadific embasiineots kavmbdersiiugtratiediBildescribed
hIéI} h,el{ wﬁlatg]ek appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present invention. This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, it is
intended that this invention be limited only by the claims and the equivalents
thereof.

What is Claimed is:



address 26 at 1920 is valid during tim ng pul ses 1904,

1906 and 1908 in select signals SEL1 , SEL2 and SEL3
wW@003800255 1804 and 1808. The bank sel ect addr eBST/US2005/011723

generator 1702 provides higher bank address 26 at 1922

CA Lt

until timng pulse 1924 in select signal SEL1 at 1800.
Hi gher bank address 26 at 1922 is valid during timng
pul ses 1910, 1912 and 1914 in sel ect signals SEL4,
SEL5 and SEL6 at 1812, 1816 and 1820. The address

orovrcie <o sartINNAMBRERRBATRV AL o222 o

1920 and 1922. Hi gher bank address 26 is provided
during the series of six timng pul ses beginning with
timng pul se 1904 and ending with tim ng pulse 1914,
which is the address tinme slot for higher bank address
26. During. the next erles of six pul ses, beglnnlng

Wi th tlﬁlﬁ Dithse 494 : A

1828 prOV|@§ Wwohel Ik
address signals ~51 - ~Bt

and 1702 contlnu% I 1 '»“ gher bank

addr esses 14- 26, fron1h|gher bank address 26 to higher
bank address 14. Al though specific enbodi nents have
been illustrated and described herein, it wll be
appreci at ed by thos)thaorglnary skill in the art that
a variety of wtanjg W ;@tmvﬂem

i npl enent ations may b 1 uted’tor the specific
enbodi nents shown and descri bed MAthout departing from
the scope of the present invention. This application
is intended to cover any adaptations or variations of
the specific enbodi nents di scussed herein. Therefore,
it is intended that this invention be limted only by
the clains and the equival ents thereof. What is
Clained is: UNl TED STAT AND TRADEMARK OFFI CE
DOCUMENT CLASSI FI CATE EET i ppi | ndex
1.1.5.2 :

Index 1.1.5.2
Version 1.0

Section



Version 1.0 Rev 12/06/01144 CLAIMS 1. A fluid ejection

device conprising: firing cells including a first bank
w@Roosi103488) cel |l s and a second bank of firing cetCT/FS20a51011723

a first address generator configured to respond to

control signals to selectiveh provide a first

sequence of first address signals adapted to enable

the first bank of firing cells for activation and a

second sequence of second address signals adapted to

enabl e the second bank of étéhﬂg cells for activation,

wherei n the second sequenc ddress signals is

sel ectively provided i ndependent of the first sequence

of address signals. 2. The fluid ejection device of

1cl ai Afluid efestienrdeayice edmphgngont r ol si gnal s conprise

cont ulses apd the fir ddr es rat or -

cont figa Bl e Bl rdtepdro T ersdtieca 8o8ond finpls ptfring
célle ahigr st sequence and to initiate the second

sequence 3. The fluid ejection device of claim1,

wher aifist:adddress geBeratoigerniigureshisr fespond e cpatiokgignals to

t

el PLndS et st PASIRREs S OBRAR Alarked 1o gnable
tﬁeéférst banklef ﬂnﬂlﬁag te“ﬂor-ﬁ?dvafm zmog adesond &gtqhene@obeebond

addr ess sign ui ection devic
addirgsmsignalp, eaapt?dt oenabik {'19 seg awkc%frfﬂmgsf‘éﬁecfﬁf pgfivation,
WRBIFE TG SE o BEhn of odbr s B8RS SBfectley bpiteg,
inslependert afittietfivsti sequieate of bddmssmighalequence i n

response to receiving control pulses substantially
substantially coincident with timng pulses in the

2ser | tﬂae qlfmd e}@cﬂen @ek/ee&af chaim emﬁér@,-irdoﬁé ®f tHeDBorftR isfighals
of claim1, wherein he. contro gnal S corrprl se

cempriseicoptipkeysanand tbe n‘lrsé:addfeaa geneyatanlis egnfigided fe respond

| o RS B T SRR SRS skl

rfgd. 145 pul se in the control pul ses substantially
substantially coincident with a first timng pulse in
the series of timng pul ses.

3. The fluid ejection device of claim 1, wherein the control signals comprise
a series of timing pulses and the first address generator is configured to
respond to the series of timing pulses to provide the first address signals and

the second address signals. |

4, The fluid ejection device of claim 1, wherein the control signals comprise
control pulses and a series of timing pulses and the first address generator is
configured to initiate the first sequence and to initiate the second sequence in
response to receiving control pulses substantially substantially coincident with

timing pulses in the series of timing pulses.

5. The fluid ejection device of claim 1, wherein the control signals comprise
control pulses and a series of timing pulses and the first address generator is

configured to initiate the first sequence in response to receiving a first control



6. The fluid ejection device of claim5, wherein the
first address generator is configured to initiate the
W@ ewsnas4stgquence in response to receiving a seRCnUsS2005/011723
control pulse in the control pulses substantially
coincident wwth a second tinjng pulse in the series of
timng pulses. 7. The fluid ection device of claim
5, wherein the first address generator further
palsepnitise sonfroldhulses sobstantially $ubstenitizdivrcethdidertatittaa first
Jirst gi rection_si g{;f’il .in response to receiving a
tiring BuiSEAR te SEUPS BT IMIRGRUISER r ol pul ses
substantially coincident with a third timng pulse in
the series of timng pulses. 8 The fluid ejection
6devi dbedluid ejsiction dewloer afialaitrh®, Wherleinytheefitst addrgssigemesator is
th,ri.rd agnk 'ﬁft fti,lri ng cgl s and a fourth bank of. firin
coifgwed ig IS SECeN e SPABRNR I 'ESPPIPE FRFCREHARY Asecond
cOnBEIAIISk Arigheassht iR PalssBubetittiady E6cident AaPANgeéshd timing
the control signals to selectively provide a third
pyisguB fle series Al timingipvlsss. si gnal s” adapted to enabl e
the third bank of firing cells for activation and a
fourth sequence of fourth address signals adapted to
7enablTaetflitd &jeetioh desite affcldinT §,ngherein the first addiesaigep@rator
lﬁ_/(g"erei n the third sequence of address signals is
Ul es COMRIISESpr ovi ded i ndependent of the fourth
sequ j lss . A f L j j
devi Sonecon SHELTESNRANEE 'S ST Tht|iigfel sl Aesponse to
repeivipg afthirt wodtre) pelse om tred eotndl pulses substatizdy gongiderit with

fluid ejection el ements; .an.address generat or

aith'é‘ﬁ ﬁm'{l@;PU r'Q&h%is?E%Pfsm&ﬂwWIaﬁ?'ed to receive a

first group of the timng pulses froma series of

timng pul ses and generate a first set of address

8si gnahe fiuid ejestionslevice afiadaim iwlgerein tesfiringheellsi eornpiise a
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dbvwos faittierddmpriseyaf i gured to receive a second group of
the timng pul ses fromthe series of tim n?p ul ses and

geneP&EE0Rd SelderRs generatorsafiguedipgrapend &l signals
i} b BRINES 2 thfs 28RENRESF (RBZCER TS PlinSBMbiSE o
egaloleghethird bank of firing cells for activation and a fourth sequence of fourth
address signals adapted to enable the fourth bank of firing cells for activation,
wherein the third sequence of address signals is selectively provided

independent of the fourth sequence of address signals.

9. A fluid ejection device comprising:
firing cells including a first group of fluid ejection elements and a second
group of fluid ejection elements;
an address generator including:
first circuitry configured to receive a first group of the timing pulses
from a series of timing pulses and generate a first set of address signals
in response to the timing pulses, wherein the first set of address signals
is adapted to enable the first group of fluid ejection elements; and



fluid ejection elements. 10 . The fluid ejection
device of claim9, wherein the first circuitry

waeompnowses: a first shift register configured POI/US2005/011723
provide first output signals. 11. The fluid ejection
devi ce of claim 10, wherein 4%e second circuitry
conprises: a second shift regrster configured to
provi de second out put signals. 12. The fluid ejection
devi ce of sebc?hdrbéﬁllx cinbgitrgiconfiereii tb?rtec@iive d@Eéddﬁd grogp of the
conprises a first logic.circuit configur to provide
the firiRg p%@%’@”&&b‘? %%@%Pé‘i’fﬁl@ §%§jaa§ gteﬁ@m&?ras%eco“d set
out pyf aéﬂ&%é's?qrﬁlé*iﬁ Fé%g%ﬁ&@'?&t Fé"c'éi\}édytirﬁﬁ@%dlé&? vf?hed'ein the

I C n et

second logic rcuit c igured to provi e secon

set eécenttisetsf aidyesd sighatsad adaptathtoseainiel thris@eand group of
signﬂls..lﬁf Th@ fl%id ej ection device of claimll

wher PF?%ﬁ%"ﬂHE 5§§1ﬁenerator conprises: a direction
circuit configured to receive a third group of the

timng pulses fromthe series of timng pul ses and _
19r oviTgQ flyiid eiection devigeanfslaim 9.cuhenelethedirsheireuity comprises:

L™ BB ot TR el S PO ARG e

shift' register receive the direction signals and shift
in a_selected directjon b?s_ed on the direction . .
14i gndhs frucreipstionfevice af ¢laie . Wiergin theesaaong| clickitnp,
el the first circuitry conprises: a first logic
C%?@S?? configured to provide the first set of address
si gnalsecbad stifbregisier €onfigureditep ptovdeysacand ddtpuThignals.
fluid ejection device of claim9, wherein the first
circuitry conprises: a first logic circuit configured
120 PTRYIRR bfeRtibh delice®d cMimPPin@ssreR BidISt Icltcuitry comprises
response to the received timng #pul ses. 17. The fluid
adirgic tagimcigenit eenfigured (0 piayidedther igshsetaf asldiessssignals based on

S Ghle SRR 56 seb R B B ess Y A i v
cOefigured @b provitie thedsesiRl satbfRidevestcsighaletdsed o Weadetond

in response to the
output signals.

13.  The fluid ejection device of claim 11, wherein the address generator
comprises:

a direction circuit configured to receive a third group of the timing pulses
from the series of timing pulses and provide direction signals in response to the
received timing pulses.

14.  The fluid ejection device of claim 13, wherein the first shift register and
the second shift register receive the direction signals and shift in a selected

direction based on the direction signals.



received timng pul ses. 18. The fluid ejection device
of claim17, wherein the first circuitry and the
wWG@ewsnas4si rcuitry receive the direction signal BCEO82005/011723
provide the first set of address signals and the:
second set of address signal 154 in sel ected sequences
based on the direction signa g 19. A nethod for
ejecting fluid froma fluid ejection device, the
18et hdtedhiigejesition deviessidlaion tonwherleirs thgniivst ;circuitry
selectively providing, in response to the control
CANHHEPS, a first sequence of first address signals
adaphefist Rdieahtdt Bohfigured ke plovide Hd fidPs&Ed audr8ss signals
activation;” and sel ectively providing, in response t
based oorhe drstsiufpu signalssecond sequence of second
address signals adapted to enabl e a second bank of
firing cells for activation, wherein the second
16equERediuid eptibesieviedsTalgim S, Webemi theefindt Wirevit8esbmprises:
i ndependent of the first sequence of address ) )
si gnalfisty ingiogircuihgonfiguied tepravide felfirst splepfaaddress signals in
[ L i Lses: responding to control
r%‘@’l@%é t%‘ﬁh%ﬁ%éég\?éfh@%%ﬁ@?% "signals to initate the
first sequence and to initiate the second sequence. 2

. T thod af claim19, wherein selectiyel
151 ovi B GIC BiRSTPa M OB SHAIN Savberein i sadres¥ oenmater
cObpiessi N the control signals to provide the first

address signals and the second address signals. 22.
The awitestionfcircuhiconfigyrediie redceive altbird igveuy opthevindinggoulses

conprises: receiving control | ses .in ane of the
frihecteT B i g, Al A Pipvids (iGotigh sigaiRdn reihanse to the
rddeifdtbtiitiy p@kesi gnal s; and responding-to control

pul ses recel ved substantially coincident with timng

pul ses in the series of timng pulses to initiate the

153, *FhE T REG GH del el A Fr, e R EERRRrSE G0 and the
stond dirggitgoepeivedhe director sighalzomid provide thesfirshsétinsf address
of the Cﬂcont rol sjgnals; recei_vigg a series of timn

signpiseand fhe $RE gt Af addrpes) signalf dn selected sequences based on

the direction signals.

19. A method for ejecting fluid from a fluid ejection device, the method
comprising:

receiving control signals;

selectively providing, in response to the control signals, a first sequence
of first address signals adapted to enable a first bank of firing cells for activation;
and

selectively providing, in response to the control signals, a second
sequence of second address signals adapted to enable a second bank of firing
cells for activation, wherein the second sequence of address signals is

selectively provided independent of the first sequence of address signals.



responding to a first control pul se received _
substantially coincident wwth a first timng pulse in

w0 b@sgexuses of timng pulses to initiate the fPEBHUS2005/011723
sequence. 24. The met hod of clain123, wher ei n
sel ectively providing conprL@ responding to a
second control pul se receive substantlally coi nci dent
with a second timng pulse in the series of timng

2pul s@hetmeuhodmaﬂwm he, Wb@@ﬂﬂs?l@ prdoxﬁcﬁngﬁbmmteaod
f cl 4 ective rovidin onpri ses
P o pERARORG e oA puissiin smeiithe cppiel S o infate the
fi%ﬁgégé@ﬁéé‘bh t&mmeciﬁ@ge%ﬁ&‘ségw dd timng pulse in

eries of timng pulses to a direction signal.

21.  The method of claim 19, wherein selectively providing comprises:
responding to a series of timing pulses in the control signals to provide

the first address signals and the second address signals.

22.  The method of claim 19, wherein selectively providing comprises:
receiving control pulses in one of the control signals;
receiving a series of timing pulses in the control signals; and
responding to control pulses received substantially coincident with timing
pulses in the series of timing pulses to initiate the first sequence and to initiate

the second sequence.

23.  The method of claim 19, wherein selectively providing comprises:
receiving control pulses in one of the control signals;
receiving a series of timing pulses in the control signals; and
responding to a first control pulse received substantially coincident with a
first timing pulse in the series of timing pulses to initiate the first sequence.

24.  The method of claim 23, wherein selectively providing comprises:
responding to a second control pulse received substantially coincident
with a second timing pulse in the series of timing pulses to initiate the second

sequence.

25.  The method of claim 24, wherein selectively providing comprises:
responding to a third control pulse received substantially coincident with

a third timing pulse in the series of timing pulses to set a direction signal.



